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Abstract

The drill cores KLX03, KLX04, KLX06, KLX07A, KLX08 and KLX10A from the Laxemar
subarea have been sampled for detailed studies of fracture mineralogy. The results from this
study have been compared to the detailed fracture mineralogy studies of drill cores KSHO1A+B
and KSHO3A+B from Simpevarp /Drake and Tullborg 2004, 2006a/, KLX02 from Laxemar,
KAS 04 and KA1755A from Aspo /Drake and Tullborg 2005/, and KKR01, KKR02, KKR03
from Gotemar /Drake and Tullborg 2006b/.

In order to investigate the features of the fracture fillings and their relative relations 18 thin
sections and 40 fracture surface samples have been analysed using petrographic microscope
and scanning electron microscope (SEM-EDS). Calcite has been analysed for 8'*0 and 8'*C
(49 samples) and ¥’Sr/*Sr (19 samples). Fluorite (6 samples) and gypsum (7 samples) have
been analysed for ¥’Sr/*Sr. Pyrite (17 samples), gypsum (9 samples) and barite (4 samples)
have been analysed for 3**S. The isotope studies give suggestions about formation conditions
of fracture fillings from different generations and are used in the discussion of relative ages of
different generations. Calcite (14 samples) and gypsum (5 samples) have been analysed for trace
elements. *’Sr/**Sr-analyses of whole rock samples from Avrd granite, quartz monzodiorite,
fine-grained dioritoid and the Gotemar granite were carried out for evaluation of the *’Sr/**Sr-
ratios in fracture filling calcite with different wall rock compositions.

The relative sequence of fracture filling events in the Laxemar subarea is very similar to what
has earlier been reported from Simpevarp and Aspd /Drake and Tullborg 2004, 2005, 2006a/.
Re-activation at different events is a common phenomenon. Mylonites, where present, are often
re-activated by cataclasite and later formed brittle fractures. The formation temperatures of the
different generations of fracture fillings are successively lower with time, indicated by early
formed epidote followed by minerals of lower formation temperature like prehnite and even
later zeolites (laumontite and later harmotome). The earliest deformation in the area (mylonites,
cataclasites and fractures filled with epidote, prehnite and early formed laumontite) are Pre-
Cambrian (older than 1,400 Ma). The fracture mineralization with calcite, fluorite, pyrite,
gypsum, barite, apophyllite and harmotome is Phaneorozoic (mainly Palacozoic). Gypsum

and apophyllite are more common in the Laxemar subarea than in the Simpevarp subarea,
where in contrast cataclasites are more common. The fracture frequency in the Simpevarp
subarea is also higher than in the Laxemar subarea. In borehole KLX06 below the deformation
zone ZSMEWO002 (The Mederhult Zone), greisen-like alteration and coarse-grained quartz,
muscovite, fluorite and pyrite have been observed. Gypsum-filled fractures and greisen-related
fractures have the most preferred directions (sub-vertical NNW-trending and sub-horizontal,
respectively), while fractures occupied by minerals of other generations show more scattered
directions due to re-activation of older fractures, mylonites and cataclasites.

Stable isotopes, Sr-isotopes and trace element analyses confirm that calcite and pyrite have
been formed at different events with gradually lower temperatures (and increasing biogenic
influence), while all analysed gypsum and probably also barite have been formed during a
shorter time interval (or less likely at several events with similar conditions).



Sammanfattning

Sprickmineralogiska undersdkningar har utforts for de djupa kdrnborrhalen KLX03,
KLX04, KLX06, KLX07A, KLX08 och KLX10A, Laxemar, inom ramen for SKB:s
(Svensk Kérnbranslehantering AB) platsundersdkningar. Resultaten fran denna studie

har jamforts med detaljerade sprickmineralundersékningar fran borrhal KSHO1A+B och
KSHO03A+B, Simpevarp /Drake och Tullborg 2004, 2006a/, KLX02, Laxemar, KAS 04

och KA1755A, Aspd /Drake och Tullborg 2005/ och KKR01, KKR02 och KKR03, Gétemar
/Drake och Tullborg 2006b/.

Totalt har arton tunnslip fran ldkta sprickor och sprickytor fran 40 6ppna sprickor undersokts

for att utrona karaktdrsdrag och relativa relationer mellan olika sprickfyllningar. Proverna har
huvudsakligen undersokts med svepelektronmikroskop (SEM-EDS) och petrografiskt mikroskop.
Kalcit har analyserats med avseende pa 6'%0, 6'*C (49 prover) och ¥Sr/*Sr (19 prover). Fluorit

(6 prover) och gips (7 prover) har analyserats med avseende pé *’Sr/*Sr. Pyrit (17 prover), gips

(9 prover) och baryt (4 prover) har analyserats med avseende pa &**S. Isotopanalyserna ger infor-
mation om bildningsforhallanden for sprickfyllningarna och bidrar till den relativa dateringen av
olika sprickfyllningsgenerationer. Spardmnesanalyser har genomforts pa kalcit (14 prover) och
gips (5 prover). ’Sr/*Sr-forhallandet i Avrdgranit, Kvartsmonzodiorit, ”Finkornig dioritoid” och
Gotemargranit har analyserats for att underlétta utvérderingen av *Sr/*Sr-ration i kalcit i sprickor
med olika sidobergssammanséttning.

Den relativa sprickfyllnadssekvensen for Laxemaromradet ar véldigt lik den som tidigare
rapporterats frin Simpevarp och Aspd /Drake och Tullborg 2004, 2005, 2006a/. Sprickorna
har vanligen varit 6ppna under flera tillfallen. De fa myloniter som finns i borrhélen &r ofta
reaktiverade varvid kataklasit bildats och senare ocksa sproda sprickor. De olika generationernas
bildningstemperaturer dr successivt lagre med tiden, indikerat av tidigt bildad epidot, som foljs
av mineral med lidgre bildningstemperatur som prehnit och dnnu senare zeoliter (laumontit och
harmotom). Den tidigaste deformationen i omradet (mylonit, kataklasit och sprickor ldkta av
epidot, prehnit och tidigt bildad laumontit) &r med storsta sdkerhet prekambrisk. Generationen
av sprickor ldkta av t ex kalcit, fluorit, pyrit, gips, baryt, apofyllit och harmotom &r troligen
palacozoisk. Gips och apofyllit dr vanligare i Laxemaromradet 4n i Simpevarpsomradet, dar
kataklasiter ar vanligare och sprickfrekvensen dr hogre dn i Laxemaromradet. Greisenliknande
omvandling och grovkorniga sprickfyllningar med kvarts, muskovit, fluorit och pyrit har
patréffats under deformationszonen ZSMEWO002 i KLX06. Gipsfyllda sprickor och greisen-
relaterade sprickor har de mest utpriaglade sprickriktningarna (subvertikala NNW-strykande
respektive subhorisontella) medan riktningar pa sprickor fyllda med andra mineral varierar i
hog grad beroende pa reaktivering av éldre sprickor, myloniter och kataklasiter.

Analyser av stabila isotoper, Sr-isotoper och spardamnen visar att kalcit och pyrit har bildats vid
flera tillfallen med gradvis lagre temperatur (och 6kande biogena inslag). All analyserad gips
och troligen ocksa all baryt, har ddremot troligen bildats vid ett och samma tillfdlle, eller mindre
troligt, vid flera tillfdllen under liknande forhallanden.
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1 Introduction

The Swedish Nuclear Fuel and Waste Management Company (SKB) is currently carrying out
site investigations in the Simpevarp/Laxemar area in the Oskarshamn region, in order to find

a place suitable for a long-time storage of spent nuclear fuel. The drill cores KLX03, KLX04,
KLX06, KLX07A, KLX08 and KLX10A from Laxemar subarea (Figure 1-1) have been
sampled for detailed studies of fracture minerals. As fracture fillings occur in different, often
small, amounts scattered across the drill cores it is difficult to know how representative the
samples are. The sampling was mainly focused on samples that give information about relative
order of fracture filling generations and not on the relative amounts of different fracture fillings.
The results from this study have been compared to the detailed fracture filling studies of drill
cores KSHO1A+B and KSHO3A+B from Simpevarp /Drake and Tullborg 2004, 2006a/, KLX02
from Laxemar, KAS 04 and KA1755A from Aspd /Drake and Tullborg 2005/, and KKRO1,
KKRO02, KKRO3 from Goétemar /Drake and Tullborg 2006b/.

In order to investigate the features of the fracture fillings and their relative relations 18 thin
sections and 40 fracture surface samples have been analysed using petrographic microscope
and scanning electron microscope (SEM-EDS). Calcite has been analysed for 60, 6'*C

(49 samples) and *’Sr/*Sr (19 samples). Fluorite (6 samples) and gypsum (7 samples) have
been analysed for ¥’Sr/*¢Sr. Pyrite (17 samples), gypsum (9 samples) and barite (4 samples)
have been analysed for 6**S. The isotope studies give suggestions about formation conditions
of fracture fillings from different generations and are used in the discussion of relative ages
of different generations. Calcite (14 samples) and gypsum (5 samples) have been analysed for

Figure 1-1. Geological map showing the surface-location and projection of the boreholes KLX03,
KLX04, KLX06, KLX07A4, KLX08 and KLX10A4 in the Laxemar subarea.



trace element composition. *’Sr/**Sr-analyses of whole rock samples from the Avro granite, the
quartz monzodiorite, the fine-grained dioritoid and the Gétemar granite were performed to give
input to the evaluation of the ¥’Sr/*¢Sr-ratios in fracture filling calcite with different wall rock
compositions.

Additional analyses (*’Sr/*Sr, 8"°C, 6'*0 and ICP-MS analyses of calcite and 6*S analyses of
pyrite and gypsum) that were finished after the reports by e.g. /Drake and Tullborg 2004, 2005,
2006ab/ were published, are found in Appendix 13 along with some analyses from borehole
KAS17 (Aspd) and one sample from a road cutting.

The work was carried out in accordance with activity plans SKB PS 400-05-053 (KLX03,
KLX04 and KLX06) and SKB PS 400-05-074 (KLX07, KLX08, KLX10). In Table 1-1
controlling documents for performing this activity are listed. Both activity plans and method
descriptions are SKB’s internal controlling documents.

Table 1-1. Controlling documents for the performance of the activity.

Activity plan Number Version
Sprickmineralogiska undersdkningari AP PS 400-05-053 1.0
KLX03, KLX04 och KLX06

Sprickmineralogiska undersoékningari AP PS 400-05-074 1.0
KLX07 (A+B), KLX08 och KLX10

Method descriptions Number Version
Sprickmineralogi SKB MD 144.000 1.0




2 Objective and scope

The aim of this study is to obtain a detailed description, including mineralogy, geochemistry,
relative dating and isotopic composition, of fracture fillings from boreholes KLX03, KLX04,
KLX06, KLX07A, KLX08 and KLX10A.

This study is a part of a PhD project at the Department of Geology, Earth Sciences Centre,
Goteborg University.



3 Geological background

The bedrock in the Simpevarp/Laxemar area north of Oskarshamn is dominated by

Smaéland granitoids and dioritoids of the Transscandinavian Igneous Belt (TIB) e.g. /Gaal

and Gorbatschev 1987, Kornfilt and Wikman 1987, Kornfilt et al. 1997, Wahlgren et al. 2004/.
The Smaland granitoids in the Simpevarp/Laxemar/Aspé area belong to the TIB 1 /Larson and
Berglund 1992, Ahill and Larson 2000/ and have been dated with U-Pb-dating to 1,804+/—4 Ma
(zircon) /Kornfilt et al. 1997/ and 1,802+/—4 Ma (zircon), 1,793+/—4 (titanite) and 1,800+/—4 Ma
(titanite and zircon) /Wahlgren et al. 2004/. Other intrusions are e.g. Gotemar /Kresten and
Chyssler 1976, Aberg et al. 1984/ and Uthammar. These coarse-grained granites were emplaced
at 1,452 +11/-9 Ma (Gotemar) and 1,441 +5/-3 Ma (Uthammar) /Ahill 2001/. Dating and
determination of a paleomagnetic pole of the “Asp diorite” from Aspd HRL, show that the
rock has not been heated above 550—600°C since its crystallization /Maddock et al. 1993/.

The bedrock surface in the Laxemar subarea (cf Figure 1-1) is dominated by the Avrd granite
(80%) /Persson Nilsson et al. 2004/. The Avrd granite is a collective name for a suite of more

or less porphyritic rocks that vary in composition from quartz monzodiorite to granite, including
quartz dioritic and quartz monzonitic varieties. The Avrd granite is reddish grey to greyish

red, medium-grained with megacrysts of microcline that are usually 1-2 cm in size. The Avrd
granite has been observed to mix and mingle with the equigranular quartz monzodiorite and
gradual contact relationships indicate that the two rock types formed more or less synchronously
/Persson Nilsson et al. 2004, Wahlgren et al. 2004/.

The rocks in the Laxemar subarea are generally well preserved. A week foliation is occasionally
observed in the Avrd granite and this foliation affects the matrix whereas the megacrysts of
microcline show no or weak preferred orientation. Several local shear zones (mylonitic, ductile
shear zones and brittle-ductile shear zones) have been mapped /Persson Nilsson et al. 2004/.
The width of these zones varies between a decimetre to several tens of metres. A characteristic
phenomenon that affects all rock types in the Laxemar subarea is inhomogeneous red staining
/Persson Nilsson et al. 2004/. Geological surface mapping of the adjacent Simpevarp subarea
reveals that similar red-staining is present also in this subarea, although more common than in
the Laxemar subarea /Wahlgren et al. 2004/. The red-staining in the Simpevarp/Laxemar area
has been studied in detail from drill cores KSHO1A+B and KSH03A+B, Simpevarp /Drake and
Tullborg 2006¢/, and KL.X04, Laxemar /Drake and Tullborg 2006d/.

Earlier studies of the fracture minerals within the Simpevarp/Laxemar site investigations have
been carried out by e.g. /Drake and Tullborg 2004, 2005, 2006a/. Other studies of fracture
minerals in the region have been carried out by e.g. /Tullborg 1988, 1997, Alm and Sundblad
2002, Drake and Tullborg 2006b/.
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4 The drill cores

The boreholes KLX03, KLX04, KLX06, KLX07A, KLX08 and KLX10A are all 845-1,000-meter
deep cored boreholes, drilled within the site investigation program in the Laxemar subarea. The
boreholes are telescopic implying that the upper part, 0—100 m, is percussion drilled and has a
larger diameter than the core drilled part. To cover up for the missing core of the uppermost 100 m
another core drilled borehole is occasionally drilled adjacent to the other borehole (e.g. KLX07B
and KLX10B). However, no samples from 0—100 m are included in this study. The inclination,
orientation and length of the drill cores are found in Table 4-1. The diameter of the boreholes is

76 mm and the core diameter is about 50 mm.

The drill cores are normally dominated by Avrd granite but larger sections of quartz monzo-
diorite are also found. Occasionally, fine-grained dioritoid, diorite to gabbro, granite, pegmatite
and fine-grained granite are found.

Pronounced deformation zones are found in e.g. KLX04 (ZSMEWO007A; 314-391 m and
ZSMNW929A; 861-968 m), KLX06 (ZSMEW002A; “Mederhult zone”: 300—430 m), KLX03
(ZSMNW932A; 505 m) and KLX10A according to the geological model /Wahlgren et al. 2006/.

Table 4-1. Length, orientation and inclination of the cored boreholes used in this report.
The cored boreholes start at ~ 100 m below the bedrock surface.

Borehole Core (m) Borehole orientation

Laxemar subarea

KLX03 100-1,000 199/-75°
KLX04 100-1,000 0/-85°
KLX06 100-995 329/-65°
KLX07A 100-845 174/-65°
KLX08 100-990 199/-60°
KLX10A 100-1,000 251/-85°

13



5

Equipment

5.1 Description of equipment

The following equipment was used in the fracture mineralogy investigations.

Scanning electron microscope (Zeiss DSM 940) with EDS (Oxford Instruments Link).
Scanning electron microscope (Hitachi S-3400N) with EDS (Oxford Instruments).
Microscopes (Leica DMRXP and Leica DMLP).

Stereo microscope (Leica MZ12).

Microscope camera (JVC TK-1280E).

Digital camera (Konica Revio KD-420Z7).

Rock saw.

Rock Labs swing mill.

Knife.

Magnifying lens — 10x.

Scanner (Epson 3200) and Polaroid filters.

Computer software, e.g. Corel Draw 11, Microsoft Word, Microsoft Excel, WellCad, BIPS,
Link ISIS.

Stable carbon and oxygen isotope analysis equipment.

Agilent ICP-MS, model 7500a.

All of the equipment mentioned above is the property of the Earth Sciences Centre, Goteborg
University, SKB or the authors.

External laboratory equipment was used for:

87Sr/%Sr-isotope analyses.

Sulphur isotope analyses.

See chapter 6 (Execution) for more details.
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6 Execution

6.1 Sample collection

Samples suitable for fracture mineral investigations were collected from the drill cores. The length
of the samples ranges from 4 to 100 centimetres, but are normally 1015 centimetres. All analysed
samples are listed in Table 6-1. ’Sr/*Sr analyses on rock types were performed on powdered rock
samples of unaltered rock with representative composition from earlier studies in the area. The
sample from Simpevarp is fine-grained dioritoid, sample KSHO01:536-2G /Drake and Tullborg
2006c/. The samples from Laxemar are Avrd granite sample KLX04:108G /Drake and Tullborg
2006d/ and quartz monzodiorite, sample PSM004484 A /Wahlgren et al. 2005/. The sample from
the Gotemar granite is KKRO03: 643.82-643.90 m /Drake and Tullborg 2006b/.

6.2 Sample preparation and analyses

6.2.1 Thin sections and surface samples

The samples were photographed and sawed and 18 thin sections were prepared by Ali Firoozan,
Earth Sciences Centre, Goteborg University and by Kjell Helge, Minoprep AB, respectively.
The thickness of the thin sections is about 30 um. The thin sections were scanned with Epson
3200 scanner, using Polaroid filters, in order to optimize SEM-EDS investigations. The prepared
samples were initially examined with petrographic microscope. Selected parts of the samples
were photographed in the microscope. 40 samples from the fracture surfaces of open fractures
were also prepared and scanned with an Epson 3200 scanner without Polaroid filters.

SEM-EDS microanalyses of thin sections were carried out on two different SEM-EDS units at
the Earth Sciences Centre, Goteborg University, Sweden. Polished thin-sections were coated
with carbon for electron conductivity. The instruments were calibrated at least twice every
hour using a cobalt standard linked to simple oxide and mineral standards, to confirm that the
instrument drift was acceptable. Fe** and Fe** are not distinguished and the H,O content is not
calculated.

One of the two SEM-units, used for thin sections, is an Oxford Instruments energy dispersive
system mounted on a Zeiss DSM 940 SEM. The acceleration voltage was 25 kV, the working
distance 24 mm and the specimen current was about 0.7nA. ZAF corrections were performed
by an on-line LINK ISIS computer system. Detection limit is 0.1 oxide % (0.3% for Na,O).

The other unit, used for thin sections and surface samples, is an Oxford Instruments energy
dispersive system mounted on a Hitachi S-3400N SEM. The acceleration voltage was 20 kV,
the working distance 10 mm and the specimen current was about 1nA. X-ray spectrometric
corrections were made by an on-line computer system. Detection limit is 0.1 oxide %.

Representative SEM-EDS analyses were obtained from the thin section but this was not possible
for the surface samples due to the rough morphology of these samples.

17
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6.2.2 Carbon and oxygen isotope analyses

The stable carbon and oxygen isotope analyses carried out at the Earth Sciences Centre,
Goteborg University, on calcite samples were made accordingly: Samples, usually between

150 and 250 pg each, were roasted in vacuum for 30 minutes at 400°C to remove possible
organic material and moisture. Thereafter, the samples were analysed using a VG Prism Series
II mass spectrometer with a VG Isocarb preparation system on line. In the preparation system
each sample was reacted with 100% phosphoric acid at 90°C for 10 minutes, whereupon the
released CO, gas was analysed in the mass spectrometer. All isotope results are reported as 6 per
mil relative to the Vienna Pee Dee Belemnite (VPDB) standard. The analyses are calibrated to
the PDB scale via NBS-19.

6.2.3 Strontium isotope analyses

Goran Aberg at Institute for Energy Technology, Norway, carried out the Sr-isotope analyses

on calcite, fluorite and gypsum and the preparation according to the following procedure. About
30 to 40 mg of the carbonate samples were transferred to 2 ml centrifuge tubes, added 200 pl
0.2 M HCI, and shaken. The samples were let to react for 10 minutes while shaken in order to
release the CO, gas. If not completely dissolved 20 ul 2 M HCl is added once or twice until
most of the calcite has been decomposed.

The fluorite and gypsum samples were finely ground in an agate mortar and transferred to

a Savillex Teflon beaker with lid. A few ml of supra-pure HNO; was added and the lid was
screwed loosely on and the beaker was put on a hotplate at low temperature for 48 hours.
During this time the beaker was shaken several times in order to leach the fluorite and gypsum
as good as possible.

All the samples were centrifuged for about 4 minutes and the liquids transferred to new clean
centrifuge tubes by use of a pipette. New pipette tips are used for each sample. The centrifuge
tubes are put on a hotplate and evaporated to dryness. To avoid disturbances in measuring

the isotopic composition, strontium had to be separated from other elements present in the
sample. After evaporation to dryness the samples were dissolved in 200 pl ultrapure 3M HNO;,
centrifuged and loaded onto ion-exchange columns packed with a Sr-Spec crown-ether resin
from EIChrom, which retained Sr and allowed most other elements to pass. After rinsing out
the remaining unwanted elements from the columns, strontium was collected with ultra-pure
water (Millipore). The collected Sr-fractions were then evaporated to dryness and loaded on
pre-gassed Re filaments on a turret holding 12 samples and 1 NIST/NBS 987 Sr standard. The
isotopic composition of Sr was determined by thermal ionization mass spectrometry (TIMS)
on a Finnigan MAT 261 with a precision of about 20 ppm and a Sr blank of 50-100 pg. The
¥7Sr/%Sr ratio of the carbonate analyses are monitored by analysing one NIST/NBS SRM 987 Sr
standard, for each turret of 12 samples, and the standard has a recommended ¥’Sr/*¢Sr value

of 0.710248. The presented results are not corrected to the NBS 987 recommended value but
are given together with the specific measured NBS 987 value for the relevant turret.

Rock samples were analysed on their 8Sr/%Sr ratio by Géran Aberg at the Institute for Energy
Technology, Norway, according to the following procedure: Between 50 and 100 mg sample
was transferred to a 5 ml Savillex Teflon beaker with lid, added 3 ml conc. HF and 0.5 ml
concentrated HNOs. The lid was screwed on loosely and the beaker was put on a hotplate at

c. 90°C overnight. After that the samples were dissolved, the clear solution was evaporated to
dryness. 3 ml of 6 M HCI was added to each sample and the lid was screwed loosely on. The
beaker was put back on the hotplate at 90°C until next day. The clear solution was evaporated
to dryness and then dissolved in 200 pl ultrapure 3 M HNO;, centrifuged and loaded onto
ion-exchange columns packed with a Sr-Spec crown-ether resin from EIChrom, which retained
Sr and allowed most other elements to pass. After rinsing out the remaining unwanted elements
from the columns, Sr was collected with ultrapure water (Millipore). The collected Sr-fractions
were then evaporated to dryness and loaded onto pre-gassed Re filaments on a turret holding
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12 samples and a NIST/NBS 987 Sr standard. The isotopic composition was determined by
thermal ionization mass spectrometry (TIMS) on a Finnigan MAT 261 with a precision of
c. 20 ppm and a Sr blank of 50-100 pg.

6.2.4 Sulphur isotope analyses

Samples of pyrite, gypsum and barite were analysed for their stable-isotope composition,
expressed as 6**S %o CDT. The crystals were scraped of the fracture surfaces with a knife.
Bigger crystals were handpicked from the surface with a pair of tweezers. Some pyrite crystals
from sealed fractures were scraped off from the fractures with a knife or the sample was ground
in a Rock labs swing mill and the crystals were hand-picked under the stereo microscope. The
analyses were carried out at the Scottish Universities Environmental Research Centre (SUERC),
Glasgow by Professor Tony Fallick. Sulphur dioxide was liberated from sulphides following the
method of /Robinson and Kusakabe 1975/, whereby samples were combusted at 1,070°C for

25 minutes in the presence of excess Cu,O. A high temperature furnace containing pure copper
ensured that any sulphur trioxide in the combustion products was reduced to SO,. Sulphur
dioxide was separated from excess oxygen and the other combustion products by standard vacuum
line techniques, and the purified gas analysed for **S/**S ratio on a dual-inlet Micromass STRA2
multiple-collector mass spectrometer. Reproducibility of calibrated standards is + 0.2%o at one
sigma and data are reported in the delta notation relative to V-CDT.

6.2.5 ICP-MS analyses of calcite and gypsum

The ICP-MS analyses on calcites and gypsum leachates were carried out following the here
given procedure: 12 mg calcite sample (weight registered + 0,01mg) was placed in a 50 ml tube,
where 47 ml 5% HNO; was added containing 15 ppb of indium and rhenium respectively, to be
used as internal standards. The sample was leached for 1 hour with stirring every 15 minutes
(20 hours for the gypsum samples, with stirring every hour). Thereafter, 20 ml of the solution
was used for analyses carried out on an Agilent ICP-MS, model 7500a. Certified multi element
standards from Merck (nr VI) and Agilent (nr 1) were used.
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7 Results and discussion

In this section, results from thin section analyses, surface sample analyses, stable isotopes,
Sr-isotopes, and trace element analyses are presented and discussed. Relative ages of different
fracture filling generations are shown in a schematic sequence of fracture filling events

(Table 7-1). Earlier studies in the area e.g. /Tullborg 1988, 1997, Drake and Tullborg 2004,
2005, 2006a/ show that the general fracture mineralogical features and occurrences are similar
throughout the Simpevarp-Laxemar-Aspo area, although some differences exist. The major
difference is that the Simpevarp subarea is characterized by a higher degree of brittle deforma-
tion, resulting in breccias and cataclasites and generally higher fracture frequencies compared
to the Laxemar subarea. Gypsum and apophyllite are more common in the Laxemar subarea
than in the Simpevarp subarea.

Thin section descriptions with images, stable isotope results, Sr-isotope results, trace element
results, SEM-EDS analyses are found in the Appendix.

7.1  Fracture filling sequence

The fracture filling sequence presented below (Table 7-1) is slightly modified from /Drake

and Tullborg 2006a/ and is representative for the results from the present study. The sequence
comprises a relative chronological sequence of the characteristic minerals in each fracture filling
generation from the Simpevarp, Laxemar and Aspd areas, with results from drill cores KSHO1

Table 7-1. Schematic fracture filling-sequence from Simpevarp/Laxemar/Aspd. The most
abundant minerals in each generation are in bold letters. Minerals in brackets are only
found occasionally.

1. Quartz- and epidote-rich mylonite, occasionally including muscovite, titanite, Fe-Mg-chlorite, albite,
(apatite), (calcite), (K-feldspar)

2. Cataclasite
a. Early green coloured epidote-rich, with quartz, Fe-Mg-chlorite, (titanite, K-feldspar, albite)
b. Late red-brown colour; K-feldspar, chlorite, quartz, hematite, albite, (and illite)

3. Euhedral quartz, epidote, Fe-Mg chlorite, calcite', pyrite, fluorite, muscovite, (K-feldspar)
Prehnite, (fluorite)

a. Calcite?, (fluorite, hematite)

b. Dark red/brown filling — Adularia, Mg-chlorite (also as ML-clay with lllite), hematite (quartz,
apatite); sometimes cataclastic.

c. Calcite?, adularia, laumontite, Mg-chlorite, quartz, illite (also in ML-clay with chlorite),
hematite, (albite and apatite)

6. Calcite?, adularia, Fe-chlorite, hematite, fluorite, quartz, pyrite, barite, gypsum, corrensite
(and other types of mixed-layer clay), harmotome, REE-carbonate, galena, apophyllite, illite,
chalcopyrite, sphalerite, U-silicate, Cu(Zn,Ni,Sn,Fe)-rich minerals, apatite, (Ti-oxide, laumontite,
sylvite, Fe-oxyhydroxide, Mg-chlorite, albite, wolframite, gold and argentite)

7. Calcite®, pyrite, Fe-oxyhydroxide (near surface)

" Commonly coarse-grained euhedral with abundant twinning lamellae.
2 Euhedral to subhedral crystals with abundant twinning lamellae, filling prehnite coated fractures.
3 Commonly as subhedral crystals with abundant twinning lamellae, in narrow fractures.

4 Commonly as fine-grained subhedral crystals with a small number of twinning lamellae, in undulating and very
narrow fractures. Commonly scalenohedral crystal shapes on fracture surfaces (possibly Palaeozoic).

5 Crystals in open fractures and voids.
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and KSHO3 /Drake and Tullborg 2004, 2006a/, KLX02, KAS04, KA1755A

/Drake and Tullborg 2005/, KKR0O1, KKR02, KKR03 /Drake and Tullborg 2006b/ and the
present study. Only a few of the minerals in each generation are commonly observed in a single
sample. The relative abundance of the minerals from each generation varies widely between
different samples. Calcite and chlorite are present in most of the generations. These minerals
have precipitated at several events under different conditions. Stable isotope analyses of calcite
provide information about these conditions and from what type of fluid the calcite precipitated,
which gives input to the discussion about the relative age of the fracture filling generations.
SEM-EDS analyses of chlorite reveal differences in chemistry between chlorite of different
generations.

The characteristics of each fracture filling generation are described below.

7.1.1 Generation 1 and 2

No mylonites (generation 1) were sampled in this study. A couple of samples include cataclasite
(generation 2). These cataclasites are from drill cores KLX04 (from the deformation zones
ZSMEWO007A and ZSMNW929A), KLX06 (from the deformation zone ZSMEW002A) and
KLXO08 and are commonly red-brown in colour and made up of wall rock fragments and
K-feldspar, Mg-rich chlorite, quartz, hematite and occasionally epidote. Some cataclasites

are dark green in colour and contain more chlorite and epidote than the red variety. The green
coloured cataclasite is thought to be formed prior to the red-colour variety. Mylonite and
cataclasite are not as common in the Laxemar subarea as in the Simpevarp subarea /Drake
and Tullborg 2004, 2006a/.

7.1.2 Generation 3

This fracture filling generation (Figure 7-2) is quite common in the Laxemar subarea and often
consists of thick quartz fillings, Fe-Mg-chlorite, calcite, epidote, pyrite, fluorite, muscovite
and occasionally K-feldspar.

The Fe-Mg-chlorite is chemically similar to Fe-Mg-rich chlorite of generation 3 from
Simpevarp, Laxemar and Aspo /Drake and Tullborg 2004, 2005, 2006a/.

Figure 7-1. Photograph of drill core sample KLX04 349.66—-349.79 m that shows red-brown coloured
cataclasite cut by later formed fractures. The green-coloured cataclasite type is found in the left part
of the sample.
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Figure 7-2. Photograph of a fracture filling made up of calcite (white), quartz (grey) and
Fe-Mg-chlorite (dark green). Sample KLX03: 733.49-733.53 m.

7.1.3 Generation 4

Prehnite is also very common in the studied drill cores, although not as common as in
the Simpevarp subarea /Drake and Tullborg 2004/. Fluorite is occasionally found along
with prehnite. The wall rock adjacent to prehnite filled fractures is commonly red-stained
(Figure 7-3) /cf Drake and Tullborg 2006¢, 2006d/. The orientations of the prehnite filled
fractures vary widely but fractures with low dips (mostly sub-horizontal) are the most
common, especially in KLX08.

7.1.4 Generation 5

Fracture filling generation 5 (Table 7-1) is the most difficult to distinguish in the present study.
Stable isotopes and Sr isotopes of calcite (Chapters 7.3 and 7.4) indicate that the fillings are
formed at several events. Most of the fillings rich in calcite, adularia, laumontite, illite, and
hematite (Figure 7-4) post-date dark red/brown fillings (sometimes cataclastic), which are rich
in adularia, Mg-chlorite (also as ML-clay with illite) and hematite.

The calcite normally shows moderately to high amount of twinning-lamellae. Laumontite
and adularia often coat the fractures that are later filled by calcite. However, these three
minerals are generally thought to be coeval. The paragenesis of calcite, adularia, Mg-rich
chlorite, laumontite and illite has been documented earlier from Simpevarp, Laxemar and
Aspd /Drake and Tullborg 2004, 2005, 2006a/ but is thought to be most common in the

Figure 7-3(a-b). a) Photograph of a fracture filled with prehnite. The wall rock is hydrothermally
altered and red-stained. Sample KLX08: 366.43—366.58 m. b) Photograph of prehnite (generation 4)

in a fracture cutting through earlier formed chlorite, calcite and quartz (generation 3). Sample KLX03:
722.72-722.96 m.
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Figure 7-4(a-b). a) Photograph of the drill core. Dark areas are chlorite- and K-feldspar rich
(+hematite), green areas are prehnite-rich. Both of these fillings are cut by fractures filled with
white-grey calcite, adularia, illite, laumontite and hematite. b) Back-scattered SEM-image of the
contact between prehnite and later formed illite, adularia, hematite and calcite. Note the dissolution
of prehnite. Sample KLX04: 322.04—322.25 m.

Simpevarp subarea. The Mg-rich chlorite is similar in composition to the chlorite found in
earlier formed hematite-rich fillings and hematite-cataclasite in the Laxemar subarea and from
KSHO1, KSHO03, KAS04 and KA1755A. Laumontite is also found in a section in the lower part
of zone ZSMEWO002A in KLX06 (c. 380—410 m borehole length) where it has replaced epidote
in mylonites and plagioclase in the altered wall rock (Figure 7-5b).

Figure 7-5(a-b). a) Photograph of quartz, calcite (whitish grey, lower part of the filling), and
laumontite (orange). Sample KLX07A4: 106,25-106,41 m. b) Photograph of parts of the laumontite-
rich zone in KLX06 (392—394 m).
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7.1.5 Generation 6

Thin fractures that cut through calcite, laumontite, adularia etc of generation 5 are commonly
filled with calcite of generation 6 (Table 7-1). This calcite is often found together with fluorite
(Figure 7-9), adularia, Fe-chlorite, pyrite, hematite, fluorite, corrensite (Figure 7-9) and barite
(Figure 7-6). REE-carbonate, illite (often in mixed-layer clay), harmotome (Ba-zeolite; the
latter not found below 300 m vertical depth, Figure 7-7), apophyllite (Figure 7-8) chalcopyrite,
U-silicate, galena, sphalerite, laumontite, Cu(Zn,Ni,Sn,Fe)-rich minerals and apatite are
occasionally found in paragenesis with calcite as well.

Figure 7-6(a-b). a) Photograph of an open fracture, mainly coated with calcite, barite and pyrite.
b) Back-scattered SEM-image of scalenohedral calcite (Cal) and barite (Ba) from the fracture surface
in figure a. Scale marker is 200 um. Sample KLX03: 457.60—457.75 m.

.5 1 w

15.0kV 14.0mm x160 BSECOMP 300um

Figure 7-7. Back-scattered SEM-image of harmotome (Ba-zeolite). Sample KLX03: 266.62—-266.71 m.
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Figure 7-8(a-b). a) Photograph of an open fracture, mainly coated with apophyllite. b) Back-
scattered SEM-image of apophyllite from the fracture surface in figure a. Scale marker is 200 um.
Sample KLX03: 970.04-970.07 m.

Figure 7-9(a-b). a) Photograph of an open fracture, mainly coated with fluorite, corrensite and
hematite. b) Back-scattered SEM-image of fluorite (cubic) and corrensite (spherulitic aggregates) from
the fracture surface in figure a. Sample KLX06: 831.32—-831.38 m.

The calcite has a low amount of twin-lamellae and is commonly found as c-axis elongated crystals
with scalenohedral morphology in open fractures (Figure 7-6). Sometimes the calcite crystals have
overgrowths (Figure 7-10). These overgrowths commonly have a higher amount of Mn than the
original crystal. Equant and needle shaped (Figure 7-11) crystals are also present but may have
been formed later than generation 6. Generation 6 minerals have been found throughout the area
(Simpevarp, Laxemar, Aspd and Gétemar) /Drake and Tullborg 2004, 2005, 2006ab/. The calcite-
fluorite filling may belong to the same generation as similar fracture fillings described from the
Gotemar granite, where fractures cut across fractures filled with Palaeozoic sandstone /Alm and
Sundblad 2002, Drake and Tullborg 2006a/. Calcite-fluorite fillings in the Gétemar granite, dated
to 405 + 27 Ma /Sundblad et al. 2004/ show similar stable isotope results and mineral paragenesis
as fillings of generation 6 /Drake and Tullborg 2006ab and this study/. Fluid inclusions in these
fillings from Laxemar and Go6temar also show similar homogenisation temperatures and salinities
/Alm and Sundblad 2002, Milodowski et al. 2005/.

The chemistry of Fe-rich chlorite of generation 6 resembles Fe-rich chlorite found in other parts
of the area including the Gétemar granite /Drake and Tullborg 2006ab/.
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Figure 7-10(a-b). a) Back-scattered SEM-image of scalenohedral calcite with overgrowths (brighter).
b) Close-up of the area within the box in figure a, with a line-scan of the MnO-content shown (higher
MnO-content in the overgrowth). Sample KLX07A: 373.70-373.97 m.

Figure 7-11(a-b). a) Photograph of the fracture surfaces of an open fracture coated with needle shaped
calcite. b) Back-scattered SEM-image of needle shaped calcite crystals from the fracture surface in
figure a. Sample KLX10A4: 228.14-228.80 m.
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Gypsum (Figure 7-12) is found along with apophyllite and some calcite at certain depths
(below ~ 500 m) in drill cores KLX03, KLX08 and KLX10A. Gypsum is also found along
with fluorite and calcite at below 500 m in KLXO06. It is commonly found in fractures with
relatively fresh wall rock and not in older re-activated fractures. The gypsum filled fractures
(Figure 7-13) also have much more preferred orientations (sub-vertical: WNW-ESE) compared
to the fractures filled with other minerals (except for muscovite-quartz-fluorite fractures in
KLXO06 see chapter 7-2). Apophyllite and gypsum are much more common in the Laxemar
drill cores than in the Simpevarp drill cores /Drake and Tullborg 2004, 2006a/.

7.1.6 Generation 7

Calcite that is considered to be formed later than generation 6 is occasionally found on fracture
surfaces (Figure 7-14). These calcite crystals are rounder than those of generation 6.

55
. Adu

20.0kV 9.6mm x65 500um

Figure 7-12(a-b). a) Photograph of the surfaces of an open fracture coated with calcite and gypsum. b)
Back-scattered SEM-image of the contact between the wall rock, calcite (Cc), adularia (Adu) chlorite
(Chl) and gypsum (the red square in “a”). Sample KLX08: 868.65—868.83 m.
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Figure 7-13(a-c). Stereographic plots showing poles to fracture surfaces (open and sealed) with gypsum
(excluding a small number of fractures with altered wall rock). a) KLX03, b) KLX08, ¢) KLX10. Values
from /Ehrenborg and Dahlin 2005a, 2006ab/.
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Figure 7-14(a-b). a) Photograph of calcite crystals on a fracture surface dominated by mixed-layer clay
and chlorite. Width of photograph is about 3 cm. b) Back-scattered SEM-image of calcite crystals within
the box in figure a. Sample KLX07A4: 696.68—696.83 m.

7.2 Muscovite-quartz-fluorite-pyrite fillings in KLX06

Below the zone ZSMEWO002A in KLX06 (and in three fractures below 900 m in KLX10A)

there are fractures which have mineralogy and wall rock alteration features (Figure 7-15 and 7-16)
different from what is normally found in the Laxemar subarea. These fractures are filled with
coarse-grained quartz, muscovite, fluorite, pyrite and some calcite along with smaller amounts
of topaz and Fe-Mg-chlorite and trace amounts of Ti-oxide (Nb/Ta-rich), chalcopyrite, sphalerite,
sylvite, albite, halite, gold, barite, Fe-oxide, Mn-Fe-oxide, zircon, and sulphides (rich in Cu, As,
Sn, Sb and Fe). They are mostly sub-horizontal (Figure 7-17). The wall rock shows high degree
of sericitization and the contact between the wall rock and the fracture fillings is often very
diffuse. These features indicate greisen-alteration cf /Shcherba 1970/, probably related to the
intrusion and/or post-magmatic circulation associated to the nearby Gotemar granite. Greisen-
alteration features have earlier been observed in outcrops close to the Gétemar granite contact
with TIB /Kresten and Chyssler 1976/.

Figure 7-15. Photograph “greisen-like” alteration and coarse-grained pyrite and muscovite.
Sample KLX06: 535.10-535.26 m.
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Figure 7-16. Photograph of coarse-grained muscovite, quartz and fluorite in sample KLX06:
565.22-565.38 m.
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Figure 7-17. Stereographic plot showing poles to planes of sealed fractures with muscovite. Values from
KLX06 /Ehrenborg and Dahlin 2005/.

7.3 &"C and 8"0 in calcite

The stable isotope results (6'3C and 8'%0) are presented in the Appendix 9. The analysed calcite
samples are from different generations, based on cross-cutting relations and paragenesis.

0"3C- and §'*O-results show that the calcite samples are similar in isotopic composition to calcite
of earlier studies in the area e.g. /Wallin and Peterman 1999, Bath et al. 2000, Tullborg 2000,
Drake and Tullborg 2004, Tullborg 2004, Drake and Tullborg 2006a/. They also show that the
calcite precipitated at several events with different, mostly hydrothermal conditions (low 6'30,
relatively high 6'3C, Figures 7-18 and 7-19, generation 3—5) and at moderate temperatures

(low 8'3C, higher 6'*0, generation 5 and later). Calcite in generation 6 mostly have 6'3C-values
between —20 and —10%o and §'*0O-values between —15 and —9%o (but also with somewhat higher
8"0 and lower 6'°C, see calcite in “young sealed fractures” in Figure 7-19) which is in accord-
ance with calcite, precipitated from “warm brine”, in similar paragenesis from Simpevarp,
Laxemar, Aspd and Gétemar e.g. /Bath et al. 2000, Drake and Tullborg 2004, Tullborg 2004,
Drake and Tullborg 2006ab/, interpreted by /Drake and Tullborg 2006b/ to be ~ 400430 Ma
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(based on datings of fluorite by /Sundblad et al. 2004/). Three samples have extremely low
d13C values (—68 to —55%0) suggesting biogenic activity in the groundwater aquifers causing
disequilibria in situ. It should be noted that the fractionation between HCO;™ and CaCOs is only
a few per mille and the 8'*C value in the calcite therefore largely reflects the 6'*C value in the
bicarbonate at the time of calcite formation. In situ activity of microbes indicates temperatures

mainly below 100°C and a low temperature origin for these calcites is thus suggested. Assuming

formation temperatures as low as the ambient 7-15°C, the calcites may have formed from water
similar to the present meteoric or brackish Baltic Sea water at the site (based on fractionation
factors by /O’Neil et al. 1969/). Some samples have high 8'®0 and low &'*C, which indicate that

they might be formed from meteoric to brackish waters.

A plot of the different morphological types of calcite from the present study is shown in
Figure 7-19. Needle shaped crystals have quite high 8'*0 and 8'*C, and equant shaped crystals
have somewhat lower 8'*C than the needle shaped crystals. However, scalenohedral crystals
have 8"#0O- and 4'*C-values that vary, from “warm brine” type signature to meteoric-brackish
to extremely low &'*C. It should be noted that many of the scalenohedral crystals have younger
overgrowths (see sample descriptions in appendix), which make interpretation of these

samples difficult.

+ Aspd-Simpevarp-KLX02-Gétemar

3'%0 (PDB)
*

[0 KLX03
O KLX04
@ KLX07A
[ KLX06
O KLX08

O KLX10A

3'*C (PDB)

Figure 7-18. Plot of 6'3C and 6'°0 values for fracture calcites from Laxemar plotted together with
earlier analysed samples from KSHO1 and KSH03, Simpevarp /Drake and Tullborg 2004, 2006a/,
KKRO02, KKR03, Gétemar /Drake and Tullborg 2006b/, and samples from earlier investigations of the
Laxemar and Aspé areas /Milodowski et al. 2005 and references therein/. Re-analysed samples are

connected by a line.
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Figure 7-19. Plot of 6°C and 0"°0 values for different kinds of fracture calcites from Laxemar.
Re-analysed samples are connected by a line.

7.4

The ¥Sr/3Sr results are presented in the Appendix 9. The analysed calcite and fluorite samples
are from different generations, based on cross-cutting relations and paragenesis. The gypsum
samples are considered to be of a single generation.

878r/%¢Sr in calcite, fluorite and gypsum

The Sr isotope values in the analysed calcites range from about 0.7071 to 0.7164. A plot of
Sr-isotope ratio versus 6'%0 values for fracture calcites from the present study along with calcite
from KSHO1 and KSHO3 /Drake and Tullborg 2004, 2006a/, KKR02, KKRO03 /Drake and
Tullborg 2006b/, and KAS17 (see Appendix 13) is shown in Figure 7-20.

There is positive correlation between ¥’Sr/*¢Sr ratios and 6'*0 values which is in agreement
with earlier observations by /Wallin and Peterman, 1999, Bath et al. 2000, Drake and Tullborg,
2004, 2006ab/, showing the lowest ¥’Sr/*Sr isotope ratios and the lowest 6'%0 values for the
hydrothermal calcites. Especially for Generation 5 the ¥Sr/*Sr-ratios vary and the wide range
(from 0.707 to 0.712) supports the suspicion that this “generation” in fact consists of several
generations. This also suggest that laumontite may have formed at very different occasions;
The major part is formed early in the fracture filling sequence whereas minor amounts are
formed late in the sequence.

Calcite from generation 6 shows higher *’Sr/*Sr-ratios (0.7132—-0.7165) than calcite from
earlier generations, which is in agreement with similar calcite samples from KSHO1 and
KSHO03, Simpevarp /Drake and Tullborg 2004, 2006a/, although the ratios are generally some-
what higher in the Laxemar samples. However, compared with generation 6 fracture calcites

-5

-10

-15

from the Gotemar granite the corresponding Sr isotope ratios from Laxemar are generally lower.

Since the generation 6 calcite fillings from Simpevarp, Laxemar and G6temar are thought to be
coeval /Drake and Tullborg 2006ab/ the differences in 8’Sr/%¢Sr-ratios are attributed to the local
environment during formation. ¥Sr/*¢Sr-ratios of host rock samples (Appendix 12) show large
differences in *’Sr/**Sr-ratios in different rocks types of the area; Avrogranite, 0.716009, quartz
monzodiorite, 0.713540, fine-grained dioritoid 0.715110 and G6temar granite 0.976111. One
possibility is that the local variation of in Sr isotope ratios in generation 6 calcites reflects the
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Figure 7-20. ¥Sr/5Sr-ratios plotted versus 6'50 values for fracture calcites in Laxemar along with
calcite from KSHOI and KSHO3 /Drake and Tullborg 2004, 2006a/, KKR02, KKR03 /Drake and
Tullborg 2006b/, and KAS17 (from the additional data in Appendix 13). Range of the ¥ Sr/*’Sr-ratio
in gypsum is also shown (Gypsum was not analysed for 6"°0).

wall rock chemistry, with generally lower ¥ Sr/*Sr-ratios in Simpevarp rocks (mostly quartz
monzodiorite, fine-grained dioritoid and quartz monzodioritic Avrd granite) than in Laxemar
(mostly granitic Avrd granite), which in turn has lower ¥’Sr/*¢Sr-ratios than the Gétemar granite
(see ¥’Sr/*Sr-ratios for the rock types in the appendix).

87Sr/%Sr-ratios in gypsum range from 0.7123 to 0.7148 which is similar to the calcites of genera-
tion 6 with low ¥Sr/*Sr-ratios. This suggests that gypsum is formed early in generation 6 which
is supported by thin section observations.

The fluorite samples analysed for ¥Sr/*¢Sr-ratios are from four old samples (generation 3 and
from the “greisen alteration” fractures in KLX06) and two younger samples (generation 6). The
sample from generation 3 (related to epidote) has an #’Sr/%6Sr-ratio of 0.707967 which is very
similar to calcite from generation 3. Two of the fluorite samples from the “greisen alteration”
fractures have similar ¥’Sr/*¢Sr-ratios as generation 3, although somewhat lower (0.70593 and
0.70676), while one sample has a considerably higher ratio (0.746809). The two generation
6-fluorites have values that are both lower (0.711632) and higher (0.720744) than the calcite
from the same samples, which are 0.713247 and 0.716041, respectively.

7.5 38 in pyrite, gypsum and barite

The &**S results are presented in the Appendix 9. The analysed pyrite samples are from different
generations, based on cross-cutting relations and paragenesis. The gypsum and barite samples
are thought to be from a single generation. Figure 7-21 shows the 6*S results from the present
study along with gypsum and pyrite 6*S results from Simpevarp and G6temar fracture fillings.
The old hydrothermal pyrite from generation 3 and from the “greisen-alteration” fractures in
KLX06 show 6*S-values of —3 to +3%o that are characteristic for pyrite formed from quite

high temperature hydrothermal fluids or is igneous c¢f /Ohmoto and Rye 1979, Field and
Fifarek 1985/, in accordance with samples from generation 3 from Simpevarp.

The younger pyrite samples have higher 6*S values (+5 to +55%o, except for one sample which
has —42%o). Large fractionation from microbial reduction in situ, in a “closed” system, with a
limited sulphate source, is a more possible process for the samples with high 6**S. Microbial
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Figure 7-21. Plot of 6*'S-ratios in pyrite, barite and gypsum along with pyrite and gypsum from
Simpevarp and Gétemar (from Appendix 13 and /Drake and Tullborg 2006b/). Re-analysed samples are
indicated by rings.

sulphate reduction can take place at temperatures up to 100—120°C /Jorgensen et al. 1992,
Machel et al. 1995/. These temperatures overlap with those determined from fluid inclusion
studies /Alm and Sundblad 2002/ of similar fracture fillings in the G6temar granite. The
highest 6**S values in the studied pyrites might be a late stage product in a microbial reduction
process, as a fluid undergoing a Rayleigh distillation process of in situ sulphate reduction
would incorporate extremely enriched H,S in the last fraction of deposited pyrite /McKibben
and Eldridge 1994/. Large local variations within the system (e.g. within the same fracture,

in different fractures and at different depths) or between coeval systems may explain the large
differences between the pyrite samples. The 6**S values of the young pyrite (generation 6

and possibly later) overlap with results form the Gétemar granite and Simpevarp /Drake and
Tullborg 2006b/. The extremely negative &**S value of one sample is typical for microbial
reduction of sulphate e.g. /Ohmoto and Rye 1979/. Microbial influence in the fracture system is
also indicated by low 6'3C values in calcite of the same generation and/or of the same samples.

Barite samples from the same generation as the young pyrite, have 6*S-values of +12.8, +17.3,
+20.8 and +21.0%o. As expected, 6**S values in barite are higher than in the related pyrite in two
of the samples. However, one sample has lower &**S value in barite than in the related pyrite.
One sample has no co-precipitated pyrite.
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Gypsum 6*S-values are +5.9 to +6.6%o in KLX03 and +3.7 to +12.1%o in KLXO08, which
is slightly lower than values from two samples from KSH03 which are +15.1 and +15.5%o
(see Appendix 13). The generally lower 6*S values in gypsum compared with barite in
combination with the slightly lower 8’Sr/%Sr-ratios of gypsum compared to ¥Sr/*Sr-ratios
in barite-related calcite indicate that gypsum and barite are not strictly coeval. Based on the
small number of analyses it is proposed that gypsum is probably formed somewhat earlier
than barite.

7.6 Trace elements in calcite and gypsum

The trace element results are presented in Appendices 10 and 11. The analysed calcite samples
are from different generations, based on cross-cutting relations and paragenesis. The gypsum
samples are thought to be from a single generation.

The early formed calcite (generation 3—5) has low REE-values (Figure 7-22), although
HREE- enrichment is found in two samples, in accordance with samples from Simpevarp
of the same generation /Drake and Tullborg 2004/.

The calcite samples from generation 6 have higher REE-values than older calcite generations
(except for KLX04: 925 m). Most of the samples are high in LREE and have a small Eu deple-
tion. The REE-content differs between the samples but the chondrite normalised REE-patterns
are very similar (Figure 7-23). The needle shaped crystals show similar patterns as other calcites
from generation 6.

Sr concentrations are generally higher in the old hydrothermal calcite samples compared to

the samples from generation 6, in accordance with earlier studies from Simpevarp /Drake and
Tullborg 2004/. A plot of Sr concentrations vs. ¥Sr/*Sr-ratios in calcite is found in Figure 7-24.
This plot shows a negative correlation between *’Sr/*Sr-ratios and Sr concentrations.

REE-diagram: Hydrothermal calcite
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Figure 7-22. Old hydrothermal calcite (generation 3—-5) from Laxemar along with two “KSH ’-samples
from Simpevarp (from the additional data in Appendix 13 and /Drake and Tullborg 2004/). Chondrite
values from /Evansen et al. 1978/.
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REE-diagram: "Young calcite- Laxemar™"
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Figure 7-23. Calcite of generation 6 and 7 from sealed and open fractures plotted together with calcite
from calcite-fluorite filled fractures in the Gotemar granite (black markers, data in Appendix 13).
Needle shaped crystals have blue symbols. Chondrite values from /Evansen et al. 1978/.
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Figure 7-24. Plot of Sr concentrations vs. ¥’Sr/*5Sr-ratios for calcite from Laxemar along with samples from
Gétemar and Simpevarp (from the additional data in Appendix 13 and /Drake and Tullborg 2004, 2006ab/).
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Mn concentrations are very high (> 3,000 ppm) in some calcite samples (especially in some
of the samples of generation 6, and all of the needle shaped samples, Figure 7-25). Some of
the hydrothermal calcites from generation 3—5 have Mn contents higher than 3,000 ppm. Mg
concentrations are less than 150 ppm for all samples, except for two old hydrothermal calcite
samples and samples with needle shaped crystals (these have concentrations between 300 and
700 ppm).

The gypsum samples have very low REE-concentrations. One sample (KLX10A: 696 m) is
contaminated by biotite. Sr concentrations are between 131 and 221 ppm.
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Figure 7-25. Plot of Sr concentrations vs. Mn concentrations for calcite from Laxemar along with
samples from Gotemar and Simpevarp (from the additional data in Appendix 13 and /Drake and
Tullborg 2004/). Re-analysed samples are within a circle.
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8 Red-stained wall rock

Red-stained wall rock is common adjacent to fractures filled by generation 1-4 and sometimes
by generation 5 minerals. Red-stained wall rock is most common in association to deformation
zones and prehnite filled fractures. Detailed studies of red-stained rock have been carried out on
drill cores KSHO1A+B and KSH03A+B, Simpevarp /Drake and Tullborg 2006a/ and KL.X04,
Laxemar /Drake and Tullborg 2006b/.

The orientation of the fractures with red-stained wall rock was studied for boreholes KLX03,
KLX04, KLX06 and KLX07A+B. All fracture with red-stained wall rock was investigated
using BIPS and the direction of each fracture was noted using Boremap data from /Ehrenborg
and Dahlin 2005abcd/. Younger fractures that cut through red-stained rock were excluded. In
KLXO06, only the interval 100-305 m was investigated since the rest of the drill core features
a major deformation zone (laumontite-altered) and greisen-like alteration. Stereographic plots
of fractures (sealed and open) with red-stained wall rock are found in Figure 8-1.

The most common orientation of the fractures with red-stained wall rock is sub-horizontal.
Sub-vertical fractures striking E-W and N-S are also quite common.

Figure 8-1(a-d). Stereographic plot showing poles to planes of fractures with red-stained wall rock.
a) KLX03, b) KLX04, c¢) KLX06 (100-305 m), and d) KLX07A+B.
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9 Summary

The characteristics of the fracture fillings are similar in the investigated drill cores from
Laxemar to what has earlier been reported from the Simpevarp subarea /Drake and Tullborg
2004, 2006a/ and Aspd /Tullborg 1988, 1997, Drake and Tullborg 2005/. Fracture filling
generation 6 from the Laxemar-Simpevarp area is also present in fractures in the Gotemar
granite /Drake and Tullborg 2006b/.

The fractures are commonly re-activated. Mylonites are often re-activated by cataclasite

and later formed brittle fractures. The formation temperatures of the different generations of
fracture fillings are successively lower with time, indicated by early formed epidote followed
by lower temperature minerals like prehnite and even later zeolites (laumontite and subsequent
harmotome). The earliest deformation in the area (mylonites, cataclasites and fractures filled
with epidote, prehnite and early formed laumontite) are mainly Pre-Cambrian. It is suggested
that fractures filled with e.g. calcite, fluorite, pyrite, gypsum, barite, apophyllite and harmo-
tome is mainly Palaeozoic. Gypsum and apophyllite are more common in the Laxemar subarea
than in the Simpevarp subarea where cataclasites are more common. The fracture frequency

in the Simpevarp subarea is also higher than in the Laxemar subarea. In borehole KLX06
below the deformation zone ZSMEWO002, greisen-like alteration and coarse-grained quartz,
muscovite, fluorite and pyrite have been observed. Gypsum-filled fractures and greisen-related
fractures have the most preferred directions (sub-vertical NNW-trending and sub-horizontal,
respectively), while fractures occupied by minerals of other generations show more random
orientations due to re-activation of older fractures, mylonites and cataclasites.

Stable isotopes, Sr-isotopes and trace element analyses confirm that calcite and pyrite have
been formed at different events with gradually lower temperatures (and increasing biogenic
influence), while all analysed gypsum and probably also barite have been formed during a
single period (or less likely at several events under similar conditions).
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Appendix 1

Sample descriptions KLX03
“n.d.” = below the detection limit for SEM-EDS.

KLX03: 195.95-196.15 m

Sample type: Surface sample.
Rock type:  Avrd granite.

Fracture: Open, re-activated fracture (270°/88°). Older fracture filling is a 2 mm thick
calcite-dominated filling. The open fracture is covered with a thin, dark green
to brownish red cover, with scattered minute, glittering crystals, sometimes in
aggregates.

Minerals: Harmotome, calcite, pyrite, chlorite/corrensite(?) and hematite.

Euhedral harmotome crystals, with a size of about 10-60 um, are present in clusters scattered
over the fracture surface. Each cluster consists of numerous harmotome crystals along with
somewhat scalenohedral, euhedral calcite crystals of less than 50 um length along the c-axis.
Harmotome is much more abundant than calcite. Cubic pyrite crystals (< 10 um) are present on
the crystal surfaces of calcite and harmotome, and thus postdate the formation of these minerals.
Aggregates of platy crystals, occasionally attached as spherical aggregates, are also present in
the harmotome-rich clusters. These aggregates are made up of chlorite or corrensite, (no proper
analysis could be made). Single harmotome crystals are also scattered across the surface of the
open fracture.

Euhedral harmotome (Htm), calcite (Cal) and aggregates of chlorite/corrensite (Chl). Euhedral pyrite
crystals (Py) have grown on the surfaces of harmotome and calcite crystals. Scale bar is 200 um. Back-
scattered SEM-image. Sample KLX03: 195.95-196.15 m
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KLX03: 266.62—-266.71 m

Sample type: Surface sample.
Rock type:  Avrd granite.

Fracture: Open fracture (171°/38°, 1.0 mm wide) covered with a thin, dark greenish red
cover, with scattered minute, glittering crystals, sometimes in aggregates, which
are brighter in colour.

Minerals: Harmotome, barite, pyrite, (Cu-, Sn-rich mineral, chlorite, calcite and halite).
Euhedral harmotome crystals, with a size of less than 400 um, are present in clusters scattered
over the surface. Each cluster consists of numerous harmotome crystals along with anhedral to

subhedral barite crystals in aggregates, and euhedral, cubic pyrite crystals of 10-80 um in size.
Harmotome is much more abundant than barite and pyrite.

Single (50—-60 um) barite crystals also exist on the fracture surface. Crystals of chlorite, calcite,
a Cu-(Sn-) rich mineral and halite are found to a small extent.

KLX03: 416.46-416.58 m
Rock type:  Avrd granite.
Fracture: Sealed fracture (341°/29°) with red-stained wall rock.

Minerals: Quartz and calcite.

Photograph of the drill core KLX03: 416.46—-416.58 m.

KLX03: 457.60-457.75 m

Sample type: Surface sample.
Rock type:  Avrd granite.

Fracture: Open fracture (308°/76°, 0.0 mm wide). The fracture surface is partially covered
by a whitish grey, glittering cover.

Minerals: Calcite, barite, pyrite and quartz.

The whitish grey cover is made up of calcite and barite. Cubic pyrite is also present. Calcite
crystals are scalenohedral and coeval with euhedral barite crystals which are less than 1 mm
along the a-axis. All crystals show sign of dissolution.
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Intergrowth of coeval scalenoedral calcite (Cal), euhedral barite (Ba) and cubic pyrite (Py). Scale bar is
200 um. Back-scattered SEM-image. Sample KLX03: 457.60-457.75 m.

KLX03: 533.10-533.25 m
Rock type:  Avrd granite.
Fracture: Open fracture with fresh wall rock.

Mineral: Gypsum.

KLX03: 535.58-535.70 m
Rock type:  Avrd granite.
Fracture: Open fracture with fresh wall rock.

Mineral: Gypsum.

b

Photograph of the drill core KLX03: 535.58-535.70 m showing the fracture surface partially covered
with gypsum. Drill core diameter is 50 mm.
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KLX03: 572.10-572.30 m
Rock type:  Avrd granite.

Fracture: Open fracture with fresh wall rock.

Minerals: Gypsum.

Photograph of the drill core KLX03: 572.10-572.30 m showing the fracture surface partially covered
with gypsum. Drill core diameter is 50 mm.

KLX03: 590.79-590.96 m
Rock type:  Avrd Granite/Diorite-gabbro.

Fracture: Open fracture with fresh wall rock.

Minerals: Gypsum.

KLX03: 591.33-591.33 m
Rock type:  Diorite-gabbro/Avrd granite.

Fracture: Presently open (18°/23°), re-activated fracture originally sealed by quartz and
pyrite. The wall rock is fresh.

Minerals: Quartz and pyrite.

Photograph of the drill core KLX03: 591.33-591.33 m showing a re-activated fracture originally sealed
by quartz and pyrite. Drill core diameter is 50 mm.
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KLXO03: 627.26—-627.31 m

Rock type:  Quartz monzodiorite.

Fracture: Presently open (132°/8°), re-activated fracture originally sealed by quartz and
pyrite. The wall rock is slightly red-stained.

Minerals: Quartz and pyrite (mixed layer clay and chlorite on the fracture surface).

Photograph of the drill core KLX03: 627.26—627.31 m showing a re-activated fracture originally sealed
by quartz and pyrite. Drill core diameter is 50 mm.

KLX03: 662.33-662.65 m
Sample type: Surface sample.

Rock type:  Quartz monzodiorite.

Fracture: Open fracture. The fracture surface is partially covered by a whitish grey, glitter-
ing cover.
Minerals: Calcite, barite, pyrite, galena and quartz.

The cover is mostly made up of scalenohedral calcite but also barite, pyrite, galena and quartz.
Some calcite crystals have overgrowths.

Photograph of the drill core KLX03: 662.33—662.65 m showing the surfaces of the open fracture. Drill
core diameter is 50 mm.
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SEM-image of scalenohedral calcite (note the overgrowth on the crystal in the upper right corner).
Sample KLX03: 662.33—662.65 m.

KLXO03: 722.72-722.96 (1) m
Sample type: Thin section.

Rock type:  Quartz monzodiorite.

Fracture: Open fracture (88°/7°, 8.0 mm wide) coated by an old fracture filling made up
of several generations. The fracture filling is 10—15 mm thick and consists of
dominantly quartz and calcite. The quartz and calcite filling is cut by a green
filling made up of chlorite and a reddish filling made up of hematite-stained
K-feldspar. Thin fractures filled with prehnite are present close to the open
fracture.

Minerals: Quartz, calcite, chlorite, epidote, prehnite, K-feldspar (adularia), fluorite, hematite
and pyrite.

Order:

1. Euhedral quartz, calcite (MnO,=0-1.4%), spherulitic chlorite, epidote, porous K-feldspar
(adularia) with Fe(IlI)-rich minerals (hematite) in voids.

2. A thin prehnite filled fracture is cutting through the minerals in generation 1. Chlorite, calcite
and epidote are present as fragments in the prehnite filling and generations 1 and 2 seem to
be more or less coeval.

3. Mg-rich chlorite and adularia is observed in voids in prehnite and in fractures through
prehnite.

4. Pyrite is found in a thin fracture through prehnite.

Wall rock alteration:

The wall rock is bleached close to the filled fracture, and more reddish 1-2 centimetres away
from the fracture. The colour in these sections depends on the features of the plagioclase
alteration. The red part is made up of plagioclase pseudomorphs of albite, K-feldspar, muscovite
(sericite) and prehnite and the primary albite-twinning is sometimes inherited. The red colour
originates from minute hematite crystals in micro-pores in the secondary minerals in the
plagioclase pseudomorphs. Whitish parts consist of plagioclase pseudomorphs occupied by
well-ordered albite, prehnite and euhedral muscovite. Most biotite is replaced by chlorite.
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KLX03: 722.72-722.96 (II) m
Sample type: Thin section.

Rock type:  Quartz monzodiorite.

Fracture: Closed fracture (84°/26°) coated by quartz and calcite and filled with dark green
chlorite. The fracture has later been re-activated and a 5 millimetre wide fracture
filled with prehnite is cutting through the chlorite-quartz-calcite filling.

Minerals: Quartz, calcite, chlorite, epidote and prehnite.

Order:
1. Euhedral quartz, calcite, spherulitic chlorite and epidote.

2. Prehnite is filling a fracture cutting through generation 1 in the fracture filling. Chlorite,
calcite and epidote are present as fragments in the prehnite filling and generations 1 and 2 are
slightly coeval, probably.

Wall rock alteration:

The wall rock is whitish close to the filled fracture, and more reddish 1-2 centimetres away
from the fracture depending on the features of the plagioclase alteration. The red part is made
up of plagioclase pseudomorphs of albite, K-feldspar, muscovite (sericite) and prehnite and the
primary albite-twinning is sometimes inherited. The red colour originates from minute hematite
crystals in micro-pores in the secondary minerals in the plagioclase pseudomorphs. Whitish
parts consist of plagioclase pseudomorphs occupied by well-ordered albite, prehnite and
euhedral muscovite. Most biotite is replaced by chlorite. Epidote is also present in the wall rock.

Photograph of the drill core KLX03: 722.72—722.96 m showing a fracture filled with chlorite, calcite
and quartz that is cut by a fracture filled with predominantly prehnite. Note the shifting colouration of
the wall rock towards the fracture.

KLX03: 733.49-733.53 m
Rock type:  Fine-grained granite.

Fracture: Open fracture coated by a 2—3 cm thick old sealing with coarse-grained minerals.
The wall rock is red-stained.

Minerals: Quartz, calcite, chlorite, epidote and pyrite.
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KLX03: 742.23-742.36 m

Rock type:  Fine-grained diorite-gabbro.
Fracture: Sealed fracture.

Minerals: Quartz, pyrite, calcite and chlorite.

Photograph of the drill core sample KLX03: 742.23—742.36 m showing a fracture filled with quartz,
pyrite, calcite and chlorite.

KLX03: 897.76-897.89 m

Rock type:  Quartz monzodiorite.
Fracture: Sealed fracture (209°/80°) filled with quartz, titanite and later formed epidote.

KLX03: 970.04-970.07 m

Sample type: Surface sample.
Rock type:  Quartz monzodiorite.

Fracture: Open fracture (192°/2°, 5.0 mm wide) that borders to a parallel 2 centimetre wide
epidote-dominated mylonite/cataclasite. The fracture surface is covered by a less
than 3 millimetre thick greyish white cover. Platy euhedral crystals are visible
macroscopically on the surface.

Minerals: Apophyllite, (calcite and barite).

Platy, euhedral apophyllite crystals of sizes up to 1 millimetre covers most of the surface. Small
amounts of calcite and barite are also present.
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Appendix 2

Sample descriptions KLX04

KLX04: 114.12-114.33 m

Rock type:

Fracture:

Minerals:

Avrd granite.

Open fracture (332°/53°), coated by several generations of earlier formed fracture
fillings.

Calcite, quartz, chlorite, prehnite, K-feldspar and hematite.

KLX04: 188.19-188.39 m

Rock type:

Fracture:

Minerals:

Avré granite.

Partially open fracture (318°/26°), re-activating an old sealed fracture containing
epidote and fluorite. The wall rock is faintly red-stained.

Epidote and fluorite.

Photograph of the drill core KLX04: 188.19—188.39 m showing a fracture filled with epidote (green)
and fluorite (purple).

KLX04: 274.65-274.92 m

Rock type:

Fracture:

Minerals:

Fine-grained dioritoid.

Sealed network of prehnite filled fractures and a dark brown filling (adularia,
chlorite and hematite; main fracture has orientation: 61°/43°). Prehnite is cut by
a thin fracture filled with quartz.

Prehnite, adularia, chlorite, hematite and quartz.
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Photograph of the drill core KLX04: 274.65-274.92 m.

KLX04: 322.04-322.25 m

Sample type: Thin section.
Rock type:  Avrd granite.

Fracture: Strongly deformed sample consisting of homogenous cataclasite/breccia sealed
by prehnite and subsequently by e.g. calcite, illite and laumontite. The largest
calcite-filled fractures have an orientation of (350°/35°).

Minerals: Prehnite, illite, adularia, laumontite, calcite, hematite, quartz and barite.

Order:

1. The earliest formed part of the sample (except for wall rock fragments) is dominated
by prehnite, which is formed in several pulses (both fine-grained and coarse-grained).
Subsequent dissolution of euhedral prehnite crystals is common.

2. Illite, adularia (euhedral with additional euhedral quartz) and fine-grained hematite fill voids
that are coated by euhedral and partly dissolved prehnite. Mn-rich calcite (without twin-
lamellae) often fills the centre of the void. Laumontite that is coeval with illite and adularia
cuts through prehnite in fractures coated by hematite and fill voids together with illite. The
calcite might be considerably younger than the other minerals.

3. Mn-poor calcite (<0.4% MnO,) in a thin fracture that is cutting through illite. This calcite is
found together with barite and hematite.

_II]'F_

200 um.

Laumontite

Back-scattered SEM-image of a laumontite-filled fracture cutting through earlier formed prehnite.
Sample KLX04: 322.04-322.25 m.
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Back-scattered SEM-image showing parts of a fracture coated by partly dissolved prehnite crystals. The
fracture is subsequently filled with illite, laumontite and hematite. Sample KLX04: 322.04-322.25 m.

Back-scattered SEM-image of prehnite (both as fine-grained and more coarse-grained varieties) that
is cut by a fracture filled with illite and subsequently barite, calcite and hematite (not visible in this
image). Sample KLX04: 322.04-322.25 m.

KLX04: 346.46-346.58 m
Rock type:  Avrd granite.

Fracture: Several generations of cataclasite cut by two calcite filled fractures of different
orientation (one is 318°/43°).
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KLX04: 349.66-349.79 m

Sample type: Thin section.

Rock type:  Avrd granite.

Fracture: Several generations of cataclasites and some calcite filled fractures.

Minerals: K-feldspar, titanite, albite, quartz, chlorite, adularia, calcite, epidote, illite,
hematite, corrensite, U-silicate and pyrite.

Order:

1. Red-stained fine-grained filling consisting mainly of crushed wall rock with more coarse-
grained fragments from the wall rock (quartz, K-feldspar, titanite etc.). The fine-grained part
of the filling is stained with hematite.

2. Thin fractures filled with adularia, calcite and illite (+some Mg-rich chlorite). Fe-rich
chlorite, corrensite and small amounts of hematite are found in these fractures as well. Pyrite
is found in some thin fractures along with calcite. Additional crystals of U-silicate are also
present along with calcite.

KLX04: 669.31-669.55 m

Sample type:
Rock type:

Fracture:

Minerals on the

fracture surface:

Surface sample.
Avrd Granite.

Open fracture (310°/63°) re-activating an older 1-2 cm wide calcite-filled
fracture.

Calcite (scalenohedral), barite, pyrite and quartz.

Photograph of the drill core KLX04: 669.31-669.55 m showing the surface of the open fracture. Drill
core diameter is 50 mm.
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KLX04: 673.78-674.05 m

Sample type: Surface sample.
Rock type:  Fine-grained diorite-gabbro.

Fracture: Open fracture (102°/89°) re-activating an older 1-2 cm wide calcite-filled
fracture.
Minerals: Calcite (scalenohedral), hematite and pyrite.

The fracture surface is covered with hematite. Calcite and pyrite (cubic) is found on top of
hematite.

Photograph of the drill core KLX04: 673.78—674.05 m showing hematite (red) and pyrite (small
crystals) on the surface of the open fracture.

KLX04: 677.39-677.70 m
Rock type:  Fine-grained diorite-gabbro.

Fracture: Open fracture (296°/87°). The fracture has re-activated a 5 millimetre wide
undulating fracture. Sulphides and other minerals have grown on calcite crystals
from the old fracture filling. Parts of the surface are red-stained.

Minerals: Calcite (scalenohedral/equant), chalcopyrite, adularia, hematite, pyrite, barite,
fluorite and a Cu-(Sn-, Ni-) rich mineral.

The fracture coating is dominated by calcite. On top of the calcite crystals are big subhedral
crystals of chalcopyrite. Small pyrite crystals are present in very small amounts.

The red-stained parts consist of subhedral to euhedral calcite and adularia, which are less then
10 in um size, with fine-grained hematite coatings on the crystal surfaces.
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Photograph of the fracture surface sample that was investigated with SEM-EDS. Three features that are
visible macroscopically are abundant calcite, chalcopyrite and hematite-stained sections. Width of the
photograph is 32 mm. Sample KLX04: 677.39-677.70 m.

KLX04: 878.18-878.24 m

Rock type:  Fine-grained diorite-gabbro.

Fracture: Sealed fracture (61°/40°). The fracture is filled with prehnite. The prehnite-filled
fracture is re-activated and sealed by hematite and calcite.

Photograph of the drill core KLX04: 878.18—878.24 m.

KLX04: 925.60-925.68 m

Sample type: Surface sample.

Rock type:  Granite.

Fracture: Open fracture (129°/72°).

Minerals: Fluorite, calcite (equant), pyrite, barite, Cu-(Sn-, Ni-) rich mineral, quartz,
(adularia and, hematite).

The fracture surface is mainly coated with purple, cubic fluorite crystals and equant calcite
crystals. The other minerals are only found in small amounts.
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Photograph of the drill core KLX04: 925.60-925.68 m showing fluorite (purple) and calcite (white) on
the surface of the open fracture.

KLX04: 970.48-970.52 m
Rock type:  Avrd granite.

Fracture: Cataclasites and sealed fractures.

At least two varieties of cataclasites are cut by two fractures. The first formed fracture is filled
with laumontite and the second is filled with calcite.

Photograph of the drill core KLX04: 970.48-970.52 m showing cataclasites (one brown and one green
variety) cut by a laumontite-filled fracture (L) which is cut by a calcite-filled fracture (C).
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Appendix 3

Sample descriptions KLX06

KLX06: 321.01-321.16 m

Sample type: Thin section.

Rock type:

Fracture:

Minerals:

Order:

Granite.

15-20 mm wide sealed fracture, containing mostly prehnite and fluorite.
Orientation of upper rim is 325°/48° and orientation of lower rim is 325°/46°.
Numerous thin fractures filled with dark reddish material are cutting through the
prehnite filling. Red-stained wall rock.

Prehnite, fluorite, hematite, Mn-rich epidote and pyrite.

1. The major part of the fracture filling consists of prehnite and subordinately of coeval fluorite.
The filling contains wall rock fragments (quartz, K-feldspar and red-stained plagioclase
pseudomorphs).

2. Hematite (euhedral) occupies fractures cutting through prehnite. Prehnite and Mn-rich
epidote is also present in these fractures. Most of the reddish filling cutting through prehnite
is however a later pulse of prehnite with hematite-staining (about 1 pm big hematite crystals)

3. Mg-rich chlorite and adularia are present in voids in the prehnite filling and fractures in
fractures cutting through prehnite.

4. Pyrite is present in a thin fracture through prehnite.

Photograph of the drill core KLX06: 321.01-321.16 m.

KLX06: 333.53-333.67 m

Rock type:

Fracture:

Minerals:

Avré granite.

20 mm wide sealed fracture, containing mostly prehnite and subordinately
fluorite. Orientation of upper rim is 313°/30° and orientation of lower rim is
310°/26°. The wall rock is red-stained.

Prehnite and fluorite.

Photograph of the drill core KLX06: 333.53—333.67 m.
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KLX06: 381.42-381.58 m

Rock type:  Mylonite.
Fracture: Mylonite cut by hematite-cataclasite (adularia, chlorite and hematite etc).

Photograph of the drill core KLX06: 381.42-381.58 m.

KLX06: 384.23-384.28 m
Sample type: Thin section.

Rock type:  Cataclasite with extremely fine-grained parts, consisting of hematite-stained wall
rock material. Laumontite seals subsequently formed fractures.

Fracture: Laumontite fills fractures of different orientations but orientation 100°/52° is most
common.

Minerals: Laumontite, hematite, adularia, epidote, chlorite, corrensite and illite.

Order:

1. Very fine-grained filling consisting Fe/Mg-chlorite, epidote and muscovite along with small
amounts of wall rock fragments. The filling is stained with very fine-grained hematite
crystals. Bigger aggregates of epidote crystals also occur within this filling. Later laumontite
of (generation 2 in this sample) is also present in this filling.

2. Euhedral laumontite is present in fractures cutting through the fine-grained filling and
epidote aggregates of generation 1, respectively. Small hematite crystals and small amounts
of illite and adularia are found together with laumontite.

3. Hematite, corrensite and illite occupy very thin fractures (c. 1-5 pm wide) that cut through
the laumontite fillings. Illite seems to be oldest of these three minerals.

Photograph of the rock chip used for thin section preparation, showing red-stained fine-grained wall rock
material (WR) and subsequently formed bright coloured laumontite. Sample KLX06: 384.23-384.28 m.
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KLX06: 387.95-388.07 m

Sample type: Thin section.
Rock type:  Avrd granite.

Fracture: Sealed, 10 millimetre wide, fracture with orientation 75°/72°. The fracture is
primary filled with green to yellow epidote. The fracture has been re-activated
and subsequently filled with a more reddish material.

Minerals: Epidote, quartz, hematite, chlorite, adularia, titanite.

Order:

1. Fairly homogenous filling of fine-grained epidote along with smaller crystals of titanite and
some K-feldspar is the earliest formed filling in this sample.

2. Fine-grained brown-to reddish brown filling consisting of Fe-Mg-chlorite, hematite, quartz,
epidote and titanite is formed subsequently to the epidote-rich filling in generation 1 in this
sample.

3. Thin fractures filled with quartz are cutting through earlier formed fillings. Quartz is
occasionally accompanied by partly spherulitic hematite, some Fe-Mg-chlorite and adularia.

Back-scattered SEM-image of three generations of fracture fillings. Generation 1 consists of e.g. epidote
(Ep), K-feldspar and titanite. Generation 2 consists of Fe-Mg-chlorite, hematite, quartz, epidote and
titanite. Generation 3 consists of Fe/Mg-chlorite (C), quartz (Q), hematite (H) and adularia. Sample
KLX06: 387.95-388.07 m
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KLX06: 392.23-392.57 m
Rock type:  Avrd granite.

Fracture: Laumontite-altered rock with small amounts of calcite.

KLX06: 394.83-394.96 m
Rock type:  Avrd granite.

Fracture: Laumontite-altered rock with small amounts of calcite.

KLX06: 446.67—446.80 m
Rock type:  Avrd granite.
Fracture: Open fracture with old millimetre-wide coating.

Minerals: Quartz and muscovite.

Photograph of the drill core KLX06: 446.67-446.80 m.

KLX06: 472.84-472.92 m
Rock type:  Avrd granite.
Fracture: Open fracture with old centimetre-wide coating.

Minerals: Muscovite, quartz and fluorite.

KLX06: 499.03-499.13 m
Rock type:  Fine-grained diorite-gabbro.

Minerals: Quartz and titanite.

KLX06: 535.10-535.26 m

Sample type: Surface sample.
Rock type:  Fine-grained diorite-gabbro.

Fracture: 2-3 cm wide, sealed fracture coated by coarse-grained muscovite and filled with
coarse-grained pyrite and small amounts of calcite.

Minerals: Muscovite, pyrite, calcite and quartz.
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KLX06: 535.40-535.50 m
Rock type:  Fine-grained diorite-gabbro.

Fracture: 4-5 cm wide, sealed fracture filled with coarse-grained quartz, muscovite, pyrite
and fluorite (yellowish green). Diffuse contact to the wall rock, which is heavily
sericitized.

Minerals: Quartz, muscovite, pyrite and fluorite.

Photograph of the drill core KLX06: 535.40-535.50 m.

KLX06: 557.81-557.91 m
Rock type:  Granite.

Fracture: Open fracture with old millimetre-wide coating. The wall rock is heavily
sericitized.
Minerals: Muscovite and fluorite.

KLX06: 565.22-565.38 m
Rock type:  Granite.

Fracture: About 10 cm wide, filled with coarse-grained quartz, muscovite and fluorite.
Diffuse contact to the wall rock, which is heavily sericitized.

Minerals: Quartz, muscovite and fluorite.

KLX06: 566.25-566.35 m
Rock type:  Granite.

Fracture: Open fractures coated by old muscovite, quartz and pyrite. Diffuse contact to the
wall rock, which is heavily sericitized.

Minerals: Muscovite, pyrite and quartz..

KLX06: 572.40-572.46 m
Rock type:  Fine-grained diorite-gabbro.

Fracture: 4 cm wide, sealed fracture filled with coarse-grained quartz, muscovite and
fluorite (red). Diffuse contact to the wall rock, which is heavily sericitized.

Minerals: Quartz, muscovite and fluorite.
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Photograph of the drill core KLX06: 572.40-572.46 m.

KLX06: 576.09-576.21 m
Sample type: Surface sample.
Rock type:  Fine-grained diorite-gabbro.

Fracture: Open fracture (303°/77°, 0 mm wide) with brown (titanite) and black (hornblende)
minerals on the fracture surface.

Minerals: Titanite and hornblende.

KLX06: 590.66-590.72 m
Rock type:  Avrd granite.

Fracture: Open fractures coated by a 5 mm thick, old filling which consist of muscovite,
quartz, pyrite and fluorite. Diffuse contact to the wall rock, which is heavily
sericitized.

Minerals: Muscovite, pyrite, quartz and fluorite.

=)

Photograph of the drill core KLX06: 590.66—590.72 m. The coating is made up of muscovite, pyrite,
quartz and fluorite.

KLX06: 593.40-593.55 m
Rock type:  Avrd granite.

Fracture: About 10 cm wide, filled with coarse-grained quartz, muscovite, K-feldspar,
fluorite and calcite. Diffuse contact to the wall rock on one side of the fracture.
The wall rock is heavily sericitized.

Minerals: Quartz, muscovite, K-feldspar, fluorite and calcite.
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Photograph of the drill core KLX06: 593.40-593.55 m. The coating is made up of muscovite (shiny),
quartz (whitish grey), K-feldspar (pink), fluorite (purple) and calcite (white, next to fluorite).

KLX06: 595.08-595.18 m (1)

Sample type: Thin section.
Rock type:  Avrd granite.

Fracture: About 2-3 cm wide, sealed fracture bordering to a presently open fracture. The
wall rock is heavily sericitized.

Minerals: Quartz, muscovite, fluorite, Fe-Mg-chlorite, Ti-oxide (Nb- and Ta-rich),
chalcopyrite, sphalerite, sylvite, topaz and albite.

Quartz, muscovite and fluorite are coarse-grained and most abundant in this sample. Muscovite
is coating the fracture and quartz is found in the centre of the fracture. The other minerals are
found in small amounts.

KLX06: 595.08-595.18 m (2)
Sample type: Thin section.
Rock type:  Avrd granite.

Fracture: About 2-3 cm wide, sealed fracture bordering to a presently open fracture. The
wall rock is heavily sericitized.

Minerals: Quartz, muscovite, fluorite, Ti-oxide (Nb- and Ta-rich), chalcopyrite, halite, native
gold, barite, Fe-oxide, MnFe-oxide, zircon and an unidentified sulphide rich in
Cu, As, Sn, Sb and Fe.

Quartz and muscovite are coarse-grained and most abundant in this sample. Muscovite is
coating the fracture and quartz is found in the centre of the fracture. The other minerals are
found in small amounts.

Photograph of the drill core KLX06: 595.08-595.18 m. Visible is muscovite and quartz.
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KLX06: 607.06-607.14 m
Rock type:  Avrd granite.
Fracture: Open fracture with old millimetre-wide coating. The wall rock is sericitized.

Minerals: Quartz and muscovite.

Photograph of the drill core KLX06: 607.06—607.14 m.

KLX06: 622.57-622.73 m

Sample type: Thin section.
Rock type:  Avrd granite.

Fracture: Fine-grained quartz- and muscovite rich filling with some coarse-grained, cubic,
pyrite crystals. Other minerals are only found in small amounts. The contact to the
wall rock is very diffuse and the wall rock is heavily sericitized.

Minerals: Quartz, fluorite, muscovite, pyrite, hematite, barite, Nb-rich mineral, monazite,
(and epidote).

KLX06: 789.41-789.48 m

Sample type: Surface sample.
Rock type:  Border zone of Avrd granite and fine-grained granite.

Fracture: Open fracture (107°/69°, 0 mm wide) partially covered with a thin coating of
gypsum, fluorite and calcite. Parts of the coating are reddish coloured from minute
hematite crystals.

Minerals: Gypsum, fluorite, calcite, galena, barite, Fe-chlorite, hematite and Cu-rich
mineral.

Gypsum and fluorite are the most abundant minerals in the coating. Gypsum crystals are mostly
platy and sheet-like while fluorite crystals are subhedral to euhedral (cubic). Hematite appears
as spherical aggregates made up of platy crystals. Sometimes the spherical aggregates are more
or less massive.
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Back-scattered SEM-image of gypsum and fluorite. Scale bar is 200 um. Sample KLX06: 789.41—
789.48 m.

Back-scattered SEM-image of gypsum and a spherical aggregate of hematite. Scale marker bar is
200 um. Sample KLX06: 789.41-789.48 m.
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KLX06: 814.86-814.95 m

Sample type: Surface sample.
Rock type:  Avrd granite.

Fracture: Open fracture (290°/79°, 6 mm wide), coated by a 5 millimetre thick coating of
euhedral fluorite (yellow) and calcite (white).

Minerals: Fluorite, calcite, barite, (apophyllite, galena, quartz and hematite).

Euhedral fluorite (cubic) and calcite are the dominant minerals in the coating. Barite crystals are
present in a cluster. These crystals are 30—50 um big. Small amounts of galena, hematite, quartz
and apophyllite are also present.

Photographs of the drill core sample showing the fracture coating that is dominated by fluorite (vellow)
and whitish calcite. Drill core diameter is 50 mm. Right photograph is a close-up of the fluorite rich
part. Sample KLX06: 814.86-814.95 m.

KLX06: 831.32-831.38 m

Sample type: Surface sample.
Rock type:  Avrd granite.

Fracture: Open fracture (299°/86°, 4 mm wide) with crystals of fluorite and aggregates of
calcite. The fluorite crystals are partially covered by reddish and dark greenish
material, sometimes as platy and metallic crystals and sometimes as spherical
aggregates.

Minerals: Fluorite, hematite, corrensite, (adularia), (sphalerite), (barite), Cu (Sn-) rich
mineral, quartz.

The fracture coating is dominated by euhedral, cubic, transparent, colourless fluorite crystals,
which grow from the fracture wall. Spherical aggregates of platy green coloured corrensite and
red coloured hematite grow upon the fluorite crystals. Hematite is also commonly occurring

as single platy crystals that lie flat on the fluorite crystal surfaces. These platy crystals are
50-150 um big give these parts of the coating a metallic lustre. The spherical corrensite
aggregates are 50-200 um in diameter.

Small amounts of euhedral adularia are also present in this sample. Calcite that is in paragenesis
with fluorite is visible macroscopically on the fracture surface, but no calcite crystals were
included in the section that was investigated with SEM-EDS.
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Stereo microscope photograph (left) and back-scattered SEM-image(right) of red platy hematite crystals
(black arrow-left image, bright — right image) and green spherical corrensite aggregates (white arrow
—left image, dark — right image). Widths of aggregates and crystals are 50—150 um (left). Scale marker
is 200 um (right). Sample KLX06: 831.32-831.38 m.

Stereo microscope photograph (left) and scanning electron SEM-image(right) of green spherical
corrensite aggregates. Widths of aggregates are 100-200 um (left). Scale marker is 200 um (right).
Sample KLX06: 831.32-831.38 m.

Stereo microscope photograph (left) and back-scattered SEM-image(right) of a cross-section of a red
spherical aggregate of platy hematite crystals. Widths of aggregate are about 200 um (left). Scale
marker is 100 um (right). Sample KLX06: 8§31.32-831.38 m.
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Stereo microscope photograph (left) and back-scattered SEM-image (right) of red platy hematite
crystals (black arrows-left image, bright — right image) and green spherical corrensite aggregates

(left image). Widths of aggregates are 100-200 um (left). Scale marker is 100 um (right). Sample
KLX06: 831.32-831.38 m.
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Appendix 4

Sample descriptions KLX07A
KLXO07A: 106.25-106.41 m

Sample type: Thin section.
Rock type:  Avrd granite.

Fracture: Open fracture coated by a 3—4 cm thick, old fracture filling (224°/27°) made up
of several generations of fracture minerals. The filling is dominated by quartz,
laumontite and calcite. The wall rock is red-stained.

Minerals: Quartz, calcite, laumontite, chlorite, K-feldspar, epidote, fluorite, (pyrite, barite,
hematite and U-silicate).

Order:

1. Coarse-grained quartz with undulose extinction and sub-grain formation.

2. Fine-grained epidote, chlorite and K-feldspar.

3. Euhedral laumontite and calcite. Laumontite has partially replaced epidote in places.
4

. Calcite, illite, Fe-rich chlorite and small amounts of pyrite, barite, hematite and U-rich
silicate are found in fractures cutting through laumontite.

Fluorite is found together with calcite in fractures cutting through quartz.

KLXO07A: 184.83-184.92 m

Sample type: Surface sample.
Rock type:  Avrd granite.

Fracture: Open fracture, cutting through a sealed network of fractures filled with
dominantly prehnite.

Minerals: Calcite, fluorite, REE-carbonate, Cu-(Ni, Zn, Fe-) rich mineral, topaz (?), pyrite,
hematite, apophyllite, Zn-oxide (?) and barite (small crystals).

The fracture surface is dominated by calcite crystals. Other minerals are found in quite small
amounts.

Photograph of the fracture surface KLX07A4: 184.83—184.92 m.
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KLX07A: 193.63-193.87 m

Sample type: Surface sample.

Rock type:  Avrd granite.

Fracture: Open fracture (168°/82°).

Minerals: Pyrite, calcite (scalenohedral), harmotome, barite and REE-carbonate.

The fracture surface is partially covered with euhedral pyrite, calcite (scalenohedral),
harmotome, barite and REE-carbonate. The minerals seem to be coeval.
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83400 20.0kV 18.0mm x565 BSECOMP 70Pa

Back-scattered SEM-image of euhedral harmotome (dark grey) and barite (bright). Sample KLX07A:
193.63—193.87 m.

KLX07A:227.24-227.38 m

Rock type:  Avrd granite.
Fracture: Sealed fractures (main directions 263°/12°, 285°/19°). Red-stained wall rock.

Minerals: Prehnite and coeval or just later formed calcite and chlorite.

Photograph of sealed fractures filled with prehnite (bluish grey), calcite (white) and chlorite (dark).
Sample KLX07A:227.24-227.38 m.
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KLX07A: 320.32-320.49 m

Sample type: Surface sample.
Rock type:  Avrd granite.
Fracture: Open fracture (24°/75°).

Minerals: Calcite (scalenohedral), REE-carbonate, barite, clay minerals, quartz, Fe-chlorite,
pyrite, W-rich mineral (probably wolframite) and galena.

The fracture surface is dominated by scalenohedral calcite. The other minerals are found in
smaller amounts.

Photograph of the fracture surfaces. The closest surface is dominated by calcite. Sample KLX07A:
320.32-320.49 m.

KLXO07A: 321.47-321.58 m

Sample type: Surface sample.
Rock type:  Avrd granite.

Fracture: Open fracture dominated by calcite, pyrite and harmotome. The other minerals are
found in small amounts.

Minerals: Calcite (scalenohedral), pyrite, harmotome, barite, W-rich mineral (probably
wolframite), apophyllite, argentite, sylvite, harmotome, clay minerals (corrensite),
quartz and hematite.

Barite, harmotome and pyrite are related.

Back-scattered SEM-image of calcite (C), harmotome (H), barite (B) and apophyllite (A). Sample
KLX07A: 321.47-321.58 m
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KLX07A: 346.73-346.82 m

Sample type: Surface sample.
Rock type:  Avrd granite.

Fracture: Open fracture (337°/85°). The fracture surface is dominated by calcite. Pyrite is
e.g. found as small crystals on the surface of calcite crystals.

Minerals: Calcite (scalenohedral), pyrite, barite (small crystals) and Fe-chlorite.

53400 20.0kV 1

Back-scattered SEM-image of scalenohedral calcite with pyrite (small bright spots) and barite
(small aggregate of bright crystals, lower part of the image) on the surface. Sample KLX07A:
346.73-346.82 m.

KLXO07A: 356.93-356.96 m

Sample type: Surface sample.
Rock type:  Avrd granite.

Fracture: Open fracture, partially covered with calcite, fluorite and pyrite and smaller
amounts of barite and REE-carbonate.

Minerals: Calcite (equant), pyrite, barite, fluorite and REE-carbonate.
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20.0kV 14.9mm x60 BSECOMP 70Pa 500um

Back-scattered SEM-image of calcite (C, equant), fluorite (F, cubic) and pyrite (P, cubic). Sample
KLX07A: 356.93-356.96 m.

.,

2.00mm

Back-scattered SEM-image of calcite crystals. Sample KLX07A4: 356.93-356.96 m.

KLXO07A: 364.17-364.41 m

Sample type: Surface sample.
Rock type:  Avrd granite.

Fracture: Closely space open and sealed fractures. Calcite, fluorite, pyrite and galena are
found in both sealed and open fractures.

Minerals: Calcite, fluorite, pyrite and galena.
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Photograph of the drill core KLX07A: 364.17-364.41 m.

KLXO07A: 373.70-373.97 m

Sample type: Surface sample.

Rock type:  Avrd granite.

Fracture: Two parallel open fractures, (145°/78° and 149°/77°).

Minerals: Calcite (scalenohedral with overgrowths), pyrite, chalcopyrite, galena and a
W-rich mineral (probably wolframite).

Calcite and pyrite dominate the fracture surfaces. The calcite crystals are scalenohedral and
have overgrowths, which are richer in Mn than the primary crystal. Galena is related to pyrite.

Photograph of the fracture surfaces. Sample KLX07A4: 373.70-373.97 m.

20.0KkV 12.4mm x450 BSECOMP 50Pa

Back-scattered SEM-image of pyrite on top of calcite. Sample KLX07A: 373.70-373.97 m
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Back-scattered SEM-image of a calcite crystal with an overgrowth of younger calcite. The graph shows
that the overgrowth has a higher Mn-content than the primary crystal. Sample KLX07A: 373.70-373.97 m.

KLXO07A: 423.21-423.39 m

Rock type:  Avrd granite.
Fracture: 2-3 cm wide, sealed fracture (244°/13°).

Minerals: Quartz, pyrite, calcite and chlorite.

Photograph of the sealed fracture KLX07A: 423.21-423.39 m (Q = quartz, Cc = calcite, P = pyrite,
C = chlorite).
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KLX07A: 557.83-557.94 m

Sample type: Surface sample.

Rock type:  Avrd granite.
Fracture: Open fracture (151°/78°).
Minerals: Calcite (bladed) and a Cu (Fe-) rich mineral.

Photograph of the fracture surface KLX07A: 557.83-557.94 m. Bladed calcite is visible.

KLX07A: 668.98-669.22 m
Sample type: Surface sample.

Rock type:  Avrd granite.

Fracture: Open fracture (103°/84°).

Minerals: Calcite (equant), pyrite, barite and a Ni-Cu rich mineral.

Photograph of the fracture surface KLX07A4: 668.98—-669.22 m. Calcite and pyrite is visible.
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KLXO07A: 696.68-696.83 m

Sample type: Surface sample.
Rock type:  Avrd granite.
Fracture: Open fracture (148°/45°).

Minerals: Calcite (equant) and pyrite (on the surface of calcite).

Calcite has grown on a corrensite/chlorite coating (striated).

[ I I | I R B | I

|20.0kV 15.5mm » OMP 70Pa 1.00mm

Back-scattered SEM-image of equant calcite crystals (KLX07A: 696.68—696.83 m).
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Appendix 5

Sample descriptions KLX08

KLX08: 108.24-108.33 m

Sample type: Surface sample.
Rock type:  Avrd granite.

Fracture: Open fracture (266°/49°), partly covered by chlorite and clay minerals with needle
shaped calcite on top. Pyrite and chalcopyrite are found on the crystal surfaces of
the calcite.

Minerals: Calcite (needle shaped), chlorite (mixed-layer clay), pyrite, hematite and
chalcopyrite.

Photograph of the fracture surface KLX08: 108.24—108.33 m. Dark green parts are dominated by
chlorite and clay minerals while the bright parts are dominated by needle shaped calcite.

Back-scattered SEM-image of pyrite crystals on top of calcite. Sample KLX08: 108.24—108.33 m.
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Back-scattered SEM-image chlorite and mixed-layer clay (probably corrensite). Sample KLX08:
108.24-108.33 m.

KLX08: 218.29-218.39 m

Sample type: Surface sample.
Rock type:  Avrd granite

Fracture: Open fracture covered with needle shaped calcite, with related REE-carbonate
and adularia.

Minerals: Calcite (needles), REE-carbonate and adularia.

20.0kV 17.1mm x19 BSECOMP 50R

Back-scattered SEM-image of needle shaped calcite. Sample KLX08: 218.29-218.39 m.
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Back-scattered SEM-image of needle shaped calcite. Sample KLX08: 218.29-218.39 m.

KLX08: 366.43-366.58 m

Rock type:  Avrd granite

Fracture: Sealed c. Smm wide fracture (286°/55°) with red-stained wall rock.
Minerals: Prehnite and calcite.

Photograph of the sealed fracture KLX08: 366.43—366.58 m. Prehnite in bluish grey and calcite in
white.

KLX08: 478.87-479.13 m

Sample type: Thin section.

Rock type:  Avrd granite

Fracture: About 3 cm wide, sealed fracture (233°/33°).

Minerals: Calcite, K-feldspar, hematite, chlorite, epidote, adularia, quartz, fluorite, pyrite
(galena, apatite, albite, W-rich mineral and chalcopyrite).
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Order:
1. Cataclasite: K-feldspar, hematite, Mg-chlorite, epidote and quartz.

2. Calcite (MnO = undetectable, no zonation) dominated filling. Also present are adularia,
fluorite, quartz, epidote, (chlorite, pyrite, hematite, galena, apatite, albite and W-rich
mineral). The calcite is made up of several (>15) crystals, elongated parallel or sub-parallel
to the fracture wall.

3. Thin calcite filled fracture. Also present is adularia, pyrite (and chalcopyrite).

Photograph of the sealed, calcite-filled, fracture, which cuts through cataclasite (dark red-brown).
Sample KLX08: 478.87—479.13 m.

KLX08: 676.92-677.13 m

Sample type: Thin section.

Rock type:  Diorite/gabbro

Fracture: Sealed fracture (145°/64.5°)

Minerals: Pyrite, chalcopyrite, epidote (cuts pyrite in places), quartz, calcite, titanite,
chlorite, magnetite, sphalerite, (albite, chloritized remnants of biotite and possibly
pumpellyite).

The minerals in this filling are interpreted to be fairly coeval.

Photograph of the sealed fracture KLX08: 676.92—677.13 m.
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KLX08: 679.83-680.01 m

Sample type: Surface sample.

Rock type:  Diorite/gabbro

Fracture: Open fracture (56°/61.9°).

Minerals: Calcite, Ag-, Cu- (Sn), W-, rich minerals, pyrite, chlorite, corrensite and hematite.

Calcite is the most common mineral and the other minerals (except for chlorite and corrensite
which are more abundant), are found on the surface of calcite crystals. The calcite crystals are
mostly equant.
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20.0kV 14.4mm x47 BSECOMP 50Pa

Back-scattered SEM-image of equant calcite crystals. Sample KLX08: 679.83—680.01 m.

KLXO08: 772.49-772.69 m
Sample type: Thin section.
Rock type:  Diorite/gabbro

Fracture: Cataclasite coated by calcite. Orientation of calcite rim = 31°/57°

The calcite coating is made up of scalenohedral crystals and also consists of minor amounts

of hematite, barite, Cu/Zn-rich mineral, pyrite, REE-carbonate, quartz, Fe-chlorite, Ag-rich
mineral, sphalerite, W-rich mineral, and is cut by a thin calcite vein. The scalenohedral calcite
crystals are zoned. The Mn-content varies between the outer most part (0.2—-0.6% MnO) and the
core (2.2-3.6% MnO).

Cataclasite is made up of angular fragments of K-feldspar, albite, epidote, chlorite corrensite,
quartz, calcite, barite, pyrite, (and titanite). Chlorite, corrensite, quartz and calcite are the most
common minerals in the cataclasite. The cataclasite is made up of several parts with different
grain sizes.

Photo of the sample KLX08: 772.49-772.69 m. Calcite in white and cataclasite in brown.
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KLXO08: 792.43-792.72 m
Rock type:  Avrd granite
Fracture: Open fracture (255°/83.1°). Fresh wall rock.

Minerals: Gypsum (covers most of the fracture surface as a thin cover).

Photograph of the fracture surfaces. Sample KLX08: 792.43—792.72 m.

KLX08: 795.15-795.36 m

Sample type: Surface sample
Rock type:  Avrd granite
Fracture: Open fracture (97°/70.2°). Fresh wall rock.

Minerals: Gypsum, fluorite, apophyllite, pyrite, sphalerite, hematite, corrensite and illite.

Gypsum and apophyllite is the most common minerals on the fracture surface.

Photograph of the fracture surfaces. Sample KLX08: 795.15-795.36 m.

KLX08: 820.93-821.16 m

Sample type: Surface sample

Rock type:  Avrd granite

Fracture: Open fracture (84°/75.6°). Fresh wall rock.

Minerals: Gypsum, apophyllite, corrensite, hematite and apatite.

Gypsum and apophyllite are found on top of corrensite. These three minerals are the most
common minerals on the fracture surface. Other minerals are hematite and apatite.
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Photograph of the fracture surfaces. Sample KLX08: 820.93—-821.16 m.

KLXO08: 821.70-821.92 m

Rock type:  Avrd granite

Fracture: Open fracture (81°/71.5°), fresh wall rock.
Minerals: Gypsum

A

Photograph of the fracture surfaces. Sample KLX08: 821.70-821.92 m.

KLX08: 822.41-822.61 m

Sample type: Thin section and surface sample

Rock type:  Avrd granite

Fracture: Open fracture (83°/69.2°), fresh wall rock.
Minerals: Gypsum, hematite and Mg-rich chlorite

The fracture surface is partially covered by gypsum together with some hematite and Mg-chlorite.

Wall rock:

Plagioclase is partially altered <50%. Biotite is fresh close to the fracture. Chlorite is only
present just by the fracture rim.
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Photograph of the fracture surfaces. Sample KLX08: 8§22.41-822.61 m.

KLX08: 868.65-868.83 m

Sample type: Thin section

Rock type:  Avrd granite

Fracture: Open fracture (93°/71.2°). Fresh wall rock.

Minerals: Gypsum, adularia, calcite, chlorite, corrensite, prehnite, apatite, albite (and
sylvite).

Order:

1. Calcite, adularia, Mg-rich chlorite, albite (and Fe-rich chlorite) are present as a coating next
to the wall rock. These minerals are also found in thin fractures which penetrate the wall
rock. One of these fractures is coated by prehnite.

2. Homogeneous gypsum coating outside “1”. One sylvite crystal is present within this coating.

Wall rock is fresh (biotite is unaltered at the fracture rim) plagioclase is fairly unaltered.

20.0kV 9.6mm x150

Back-scattered SEM-image showing the fracture-wall rock contact. Biotite (Bt) is fresh very close to the
fracture. Chloritization (Chl = chlorite) is only found within the first 0.1 mm in the wall rock from the
fracture rim. Sample KLX08: 868.65-868.83 m.
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KLX08: 916.16-916.36 m

Sample type: Thin section and surface sample
Rock type:  Avrd granite

Fracture: Open fracture (82°/73.6°). The fracture surface is almost entirely covered with
gypsum. The fracture surface beneath gypsum is dominated by chlorite and clay
minerals (illite and corrensite). The wall rock is quite fresh.

Minerals: Gypsum, barite, hematite, illite, Mg-chlorite, corrensite, sphalerite, chalcopyrite
and calcite.

Chlorite/corrensite, chalcopyrite and calcite are present in thin fractures cutting through the wall
rock. Barite, hematite and sphalerite are found in small amount in association with gypsum.
Wall rock:

Biotite is partially chloritized next to fracture (50%). Plagioclase is altered c. 50%. The altera-
tion of these two minerals only increases very close to the fracture rim.

1 L L) L} 1
20.0kV 9.6mm x230 200um

Back-scattered SEM-image, showing the fracture-wall rock contact. Biotite (Bt) is fresh very close to the
fracture. Chloritization (Chl = chlorite) is only found within the first 0.1-0.2 mm in the wall rock from
the fracture rim. Chlorite is also coating the fracture in the image. Sample KLX0S8: 916.16-916.36 m.
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KLX08: 919.75-919.90 m
Rock type:  Avrd granite
Fracture: Open fracture (63°/76.8°). Gypsum covers the surface. The wall rock is rather fresh.

Photograph of the fracture surface KLX08: 919.75-919.90 m.

KLX08: 933.15-933.30 m

Sample type: Thin section

Rock type:  Quartz monzodiorite

Fracture: Sealed, 1-3 mm wide (7°/29.7°). Red-stained wall rock.

Minerals: Hornblende, calcite, titanite (occasionally euhedral), K-feldspar, Fe-Mg chlorite,
(magnetite, pyrite, albite and epidote).

Hornblende is the most abundant mineral in the fracture filling.

Photograph of the sample KLX08: 933.15-933.30 m.

Hornblende

K-feldspar Titanite

hlorite

20:0kV. 13.9mm x50 BSECOMP "\UPa

Back-scattered SEM-image showing the sealed fracture. The titanite crystals may originate from the wall
rock. Sample KLX08: 933.15-933.30 m.
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Appendix 6

Sample descriptions KLX10A

KLX10A: 108.27-108.38 m

Sample type: Surface sample
Rock type:  Fine-grained granite
Fracture: Open fracture 311°/89°

Minerals: Calcite and hematite

The calcite crystals are scalenohedral.

Back-scattered SEM-image showing scalenohedral calcite and hematite (bright). Sample KLX10A:
108.27-108.38 m.
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KLX10A: 112.66-112.72 m

Rock type:  Fine-grained granite
Fracture: Open fracture coated by an old filling (56.9°/6.9°)

Minerals: Epidote, calcite, fluorite, quartz and chlorite

Photograph of the fracture KLX10A: 112.66—112.72 m.

KLX10A: 200.72-201.02 m

Sample type: Surface sample

Rock type:  Avrd granite

Fracture: Open fracture (88.3°/81.9°)

Minerals: Calcite, hematite, quartz, pyrite, chalcopyrite and chlorite

Calcite (scalenohedral — without overgrowths) dominates. Chlorite is Fe-rich.

Photograph of the fracture surface KLX10A4: 200.72-201.02 m.
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13.8mm x110 20Pa ; 500um

Back-scattered SEM-image showing scalenohedral calcite. Sample KLX10A: 200.72-201.02 m.

KLX10A: 228.14-228.80 m

Sample type: Surface sample
Rock type:  Avrd granite

Fracture: Open fracture with thick coating cut and re-activate older epidote cataclasite/
mylonite.

Minerals: Calcite, quartz, chalcopyrite, pyrite, hematite, barite, chlorite (ML-clay), W-rich
mineral, sphalerite, galena and Zn-rich mineral.

Calcite crystals are needle shaped and are very pure. More than 99% of the coating consists of
calcite.

Back-scattered SEM-image showing needle shaped calcite. Sample KLX10A4: 228.14-228.80 m.
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KLX10A: 406.29-406.49 m

Sample type: Polished rock chip investigated with SEM.
Rock type:  Fine-grained dioritoid

Fracture: Sealed fracture (335.7°/84°)

Minerals: Calcite, biotite, quartz, titanite, epidote, magnetite (and fluorite)

Calcite and biotite dominates, quartz, titanite, and epidote are subordinate whilst magnetite and
fluorite are only found in trace amounts.

Photograph of the sample KLX10A: 406.29—406.49 m.

KLX10A: 519.40-519.62 m

Rock type:  Avrd granite
Fracture: Sealed (310.6°/74.7°)
Minerals: Calcite, quartz and epidote

Photograph of the sample KLX10A: 519.40-519.62 m.

KLX10A: 610.85-611.19 m

Sample type: Surface sample (2)

Rock type:  Avrd granite

Fracture: Open fracture (316.5°/85.1°)

Minerals: Corrensite, apophyllite, pyrite, barite and quartz.

The minerals on the fracture surface are probably coeval. Apophyllite crystals are euhedral.
Pyrite crystals are cubic, barite crystals are subhedral.
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Photograph of the fracture surface KLX10A: 610.85-611.19 m. The glittering crystals are apophyllite.
The green colour comes from corrensite.

KLX10A: 789.80-790.10 m
Sample type: Surface sample
Rock type:  Fine-grained diorite to gabbro

Fracture: Open fracture, re-activating some old calcite- and quartz-filled fractures (the
stable analysis of this sample is from the old calcite).

Minerals: Calcite, barite, Zn-rich mineral, hematite, quartz, fluorite and pyrite.

Calcite is the most common mineral on the fracture surface. The calcite crystals are equant
(possibly with some secondary overgrowths).

KLX10A 790.50-790.63 m

Rock type: Fine-grained diorite to gabbro
Sealed and open fractures: (187.6°/13.1°)
Minerals: old hydrothermal calcite and quartz.

Photograph of the sample KLX10A4 790.50-790.63 m.
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KLX10A: 895.00-895.20 m
Sample type: Polished rock chip investigated with SEM.
Rock type:  Avrd granite

Fracture: Open fracture (with red-stained wall rock 1-2 cm away from the fracture)
(342°/2.9°). Two parallel fractures with similar features nearby have orientations
335°/9.1° and 231°/5.2° respectively.

Minerals: Biotite, calcite, quartz, K-feldspar, (gypsum?, muscovite?)

Photograph of the sample KLX10A4: 895.00-895.20 m.

KLX10A: 919.44-919.62 m
Rock type:  Avrd granite
Fracture: Sealed (179°/73.6°) with red-stained wall rock

Minerals: Very homogeneous calcite, prehnite and minor amount of chlorite and quartz.
Calcite is the most common mineral.

Photograph of the sample KLX10A: 919.44-919.62 m.

KLX10A: 969.13-969.28 m

Sample type: Surface sample

Rock type:  Avrd granite

Fracture: Open fracture (297°/72.3°).

Minerals: Gypsum, apophyllite, hematite, Fe-chlorite

The coating is dominated by gypsum and apophyllite.
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Photograph of the fracture surfaces KLX10A4: 969.13-969.28 m.

KLX10A: 970.50-970.65 m

Sample type: Surface sample

Rock type:  Avrd granite

Fracture: Open fracture. The wall rock is fresh.

Minerals: Gypsum, galena, barite, corrensite, hematite, (and quartz)

Gypsum and corrensite dominate.

Photograph of the fracture surfaces KLX10A4: 970.50-970.65 m.

KLX10A: 971.70-972.00 m

Sample type: Surface sample

Rock type:  Avrd granite

Fracture: Two parallel open fractures; 348/77, 350/75

Minerals: Gypsum, apophyllite, corrensite, sphalerite, pyrite, Cu-(Fe-, Sn-, Ni-, Co-)-rich

mineral and hematite.

Gypsum, apophyllite and corrensite dominate.
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Photograph of one of the fracture surfaces KLX10A4: 971.70-972.00 m.

108



€S pu U €TYS pu U €2TTLe0X ™

0625 pu €60 L0TS pu €60  2T-TTLEOX

¥y'€S pu 810 062G pu LE0 1-2-22L-€0X M

SE'€S pu U LLES pu 810  ¥1-2ZL-E0X M

1SS pu Lo 0Z¥S pu 020  €1-22L-€0X

r'es pu €8°0 Lr'LG pu 810  ZL-2ZL-E0X M

59°€G pu 8L°0 LE°€g Pu 910 1-1-22L-€0X

sjuswwod el 024 oum oed oM fouv audled

9526  S19  [ZO €20  SE9T 0LT 98°0 99°0 992-€0X T
lelol  oes 0@ o ‘0s ‘0'S  0YY  O%N ajeg
9¢'86 88°0 pu U ZeGL 0829 €€8L Y0 Z-€€6-80X T
91'86 ¥8°0 pu U e6GL 0LT9 9T8L €YD L-£€6-80X TH
98'66 U Pl 8L0  8y9L  6EV9  L9'8L pu €-6YE-7OX T
S2'66 §1°0 pu Lo 8e9L  LL'v9  Svsl pu Z-BYE-FOX T
68'66 U 8L U 9E9l  B9V9 998l pu 1-6vE-7OX I
SE°004 pu pu PU 169l ¥9Y9 088l pu €-22E-YOXTH
SL°10L pu pu PU 989 €969 9Z6l pu 2-22E-OX T
82101 €0 pu PU 189 EL'GY Y06 pu 1-2ZE-70X
leloL  oes 0@ oed o ‘01ls 0%  O%N eue|npy

. Xipuaddy

‘9oeIns o) Jo A3ojoydiowr oy} 01 onp sonfea 91eINOOE JAIS Jou op sojdues doeyIns Jo
sosATeue S "IWI] UONOIOP Y} MO[Oq = ., 'P’U,, "OpBW JOU Ik , D, Pue 9, JO SUONIUNSIP JUUOI dPIX0-9,] [810} AY) JO sanjea dAIS sasAeue SAI-INAS YL

sasAjeue-sq3-N3S

109



FARC vy 0z 89°0 ‘pu U YT oL'sl ev'8l pu Z-78€-90X M
G198 z9'61 050 91’0 €20  vL'82 80°0Z V\ZLL pu L-78€-90X M
€188 ORI Gs'0 ‘p'u puU 9L6e G&'lz €66l pu 2-2-22L-€0X T
668 62 Zro ‘pu ‘PuU - 88'Ge 95’1z S8'GlL pu 1-2-222-€0X M
18°/8 65T €50 pu pPuUZLST GL'1Z 198Gl pu L-1-222-€0X M
sjuswwon leyoL 024 OUlN oed oM ‘018 KoX\ 0B o%N aju01ya-BN-94
8€'€S pu pu 8€€S pu ‘pu €-££6-80X M

G62S pu 62°0 9925 pu ‘pu Z-££6-80X M

6Z'0=06I L0'€S 290 290 Z5'1S pu ‘pu L-£€6-80X M

z5°€S pu ‘pu z5°€S pu pu 898-80X M

Xx 4o doj-up MO £4°2S pu £9°0 Z8'15 pu pu ¥-2.,2-80X M

xx 40 doj-upy Mo Le2S pu 8€0 €615 pu pu €-2.2-80X M

2100  /6'LS €20 £9'¢ L1y pu pu 2-2L2-80X M

8100 902§ pu vZe z8'6v pu pu 1-222-80X M

90°€S 120 190 812 ‘pu pu €-9/9-80X M

AL 6L°0 pu AL pu pu 2-9/9-80X M

91'0=0BIN  6G°€S pu 8€0 8625 ‘pu pu 1-929-80X M

98'€S pu pu 98'€S ‘pu pru €-901-20XTH

S0'¥S pu pu S0'YS pu pu Z-901L-20X M

GG'€S ‘pu pu GGG pu pu 1-901L-20X M

91'0=°0IS 160G pu 180 €861 0L0 pu €-67€-7OX M

9125 AN0 pu 69°LS GL'0 pu Z-6¥€-70OX M

1128 ‘pu pu G8'LG 110 910 L-6¥€-70X T

leipayny  69°LS pu AN 80° L pu 670 Z-22€-YOX M

leipayny  8Z'€S ‘pu 69°€ 6.8 pu 09°0 1-Z2E-7OX I

91°€S oL G8'0 1605 pu pu G-2-22/-€0XTH

69°2S ‘p'u LE) Z6°1S pu pu v-2-22.-€0XTH

sjuswwog [ejoL 024 OUN oeo oM 0%V ajoled

110



¥9'0=000 €068 11'6€ 610 620 pu zele 887l ¥9'S 0€0 90L-20X
€968 06'v€ €V'0 850 GL'0 €182 zlel 8¢, ¥€0 €-6¥E-vOX M

1818 16°7E 60 090 60 9l0¢ £6'¢l G¥'. pu Z-67E-70X M

1888 A1 €v0 090 ¥1'0 ¥€'0€ 6L°€l v6'L zeo0 L-6E-¥0X M

sjuswwion lejoL 024 Oun oed oM ol Kok |/ OB O%eN ajuo|yo-a4
aindun GG'98 €511 ¥€0 9ee 82’1 9,'/€ €8¢l Gv'6l pu 2-1-22,-€0X M
aindun 1898 9lClL L¥0 89'L Py 89'/€ Ll 9,22 pu L-1-222-€0XTH
sjuswWo lejoy (oLF | OUun oed oM ol KX\ OBI O%N ajuo|yo-biN
1218 6L€C 2s0 pu pu ¥0'82 G99l 8e'8l 6€0 7-€€6-80X M

08'/8 G0'92 v2°0 €10 pu €192 0081 719l pu €-€£6-80X M

16,8 6562 120 ‘pu pu 1892 208l zr ol 90 2-£€6-80X M

€.'68 66'€C GS'0 pu pu 96'92 9l'/L 80°LL pu L-€€6-80X M

¥G'0="00I ‘G€"0=002 Ge'/8 661 €90 pu pu 9€'92 6061 G0'8lL v€0 7-929-80X 1M
1€0=000 8v'v8 19'le v¥'0 pu pu z8'le 8v'Gl 0,8l pu €-9/9-80X ™M
€€'0=000 ze98 861 €50 pu pu 1592 8581 20’8l pu 2-929-80X 1M
19'0=01S ‘'9€'0=000 6098 €6'1C €90 pu pu €292 258l vLLL pu 1-929-80X 1M
2€'0=000 v6'.8 8l'Ge L¥'0 610 9z'0 k4 Sv'6l LEVL pu 90L-20X M
6298 0€'6l €50 0S50 pu €162 1211 v6'81 pu €-/8€-90X M

68'98 0002 €50 pu pu zT8e €161 006l pu 2-18€-90X 1M

998 1z'0z 790 pu pu 8112 G6'8l 8.8l pu L-28€-90X M

sjuswwon lejoL 0@°4 Oun oed oM ‘ols obn 0N ajI0|yo-BN-94

111



86'96 6v'8l ¥20 60l 9€'6S vz 6l 162 992-€0X M

lejol oegq 034 oM ols fOUV O%N awojoweH

10'96 9z'el €20 pu Gr'ee ¥8'9¢ zeee pu ¥-929-80X M

G0'96 €T'LL pu 0z0 () or GY'9¢e 106l pu €-9/9-80X M

65'G6 ve Ll pu pu 6822 ZL'9¢g 6061 pu 2-9/9-80X ™M

08'G6 z6CL 610 pu vZ'ee 61'9¢€ 1922 pu 1-929-80X 1M

¥9'.6 12€L L€0 pu 6s'ee 08'L€ 12°€2 L€0 901-20XM

paureiB-suy £7'96 62l 2z0 GL0 €522 16'1€ 8L'€z pu 2-18€-90X M

pautesB-auig €196 62l 0€0 pu 0622 29'.¢ 1622 pu L-28€-90X M

8€"1 =043 ‘pauleib-aul4 6€'26 2L €L0 pu 9502 12°9¢ 9s5'le 610 €-78€-90X M

1Z'1=048 ‘paulesb-sul4 9/°¢6 8Tl 9¢'0 44l 1g'1e 66'GE 86'2¢ 910 Z-78€-90X M

9G°0=0.S ‘paulesb-aul4 AL 8Z'LL L0 pu 8l'le G6'GE ¥5'2e pu L-¥8€-90X M
L0'1=*0%D'90"L.=*0%" zLT6 €€’ 0z'9 pu ¥5'02 z8'9¢ 6981 Py €-12€-90X ™
26'0="0%0'18'0="0%"1 'G6'L=0IS zl'v6 618 88'9 pu S0'8l 18'6€ 4N pu Z-12€-90X M
you-upy Asep 0006 Ge0 L0l pu vz Ll e 20 L) oLz L-12€-90X M

8.6 6€91 pu €10 1622 88'L€ 9102 pu L-2-22/-€0XTH

G196 9zZ'Sl pu pu 92z €9'/¢ 88°02 pu L-1-222-€0X T

spuswwon lejol o@d OUl ‘o1L oed oIS ‘04v OB ajopid3

o|dwes aoeung  99'/01 20ve pu pu G9'L A4 09'et r4s)e] Lzl 790 Z-1€8-90X ™
a|dwes aoeuns 676 89°0¢ pu pu oL'e 9¢'0 6G'9¢ o€l 006 zL0 L-1€8-90X 1M
£6'88 6E'SL €20 9L0 9Ll 9Ly 06'0¥ LL'oz  26'S 0€0 Z-v8€-90X 1M

G0'€6 Z€'61 820 80 €2¢ 9z'e G6'6€ L0z G2 1€0 L-78€-90X M

1016 682¢ 0€0 pu G0 08'L alee 1787 ey pu 67E-vOX M

G9'v8 20°es 810 40 8L 0L') 9.'/1 1S9  6lL€ pu ¥-22E-vOX M

11'G6 1G°9% 40 pu 05l 68 9812 1211 86’ pu €-228-70X M

6116 16'6¥ lz'0 zLo 119 120 89'¢¢ 6v'6 8L pu 2-22e-¥0X M

GZ'68 GZ'6€ 12’0 40 Gze 0z'e €8'6¢ G9'LL €LC pu 1-22€-¥0X M

SUEIIITL) lejoy 0@4 OUunW ‘olL oed oM ‘ols SOV ob oO%N 9)Isualio)

112



18'¥8 1201 611 €C'1S ¥6°0C 180 €-901-2L0X™1

18'G8 16°01 90’} ce’es Gl'ie L€0 C-901-2L0X™1

60'98 6L°LL 160 vecs ge'le €0 1-901-20XT™

99'¢8 €0'bl 10 81°09 €0'le 820 C-78€-90X ™

8l'¥8 ¢aol ¥2'0 8l°1G 99'L¢ 1690 L-78€-90X ™

G998 Y6l ‘pu 89°¢CS €0'¢e ‘pu C-CCEVOX™

81°0=0°4 18°G8 €901 990 G.'¢S S9'Le ‘pu L-22e-v0X™M

sjuswwo)  |ejol 0oed oM ‘ols folv O%eN sjpuowneT

Sv'L6 080 0L0 120 €29 €6'VS co've 80 C-78€-90X ™M

19'¢6 ¥8°0 10 L0} 009 89°GG S6'v¢ 00'¥ L-78€-90X ™M

99'68 €€°¢ 120 €v'0 vlL'6 Gl'€g ¢s'0¢ €8°¢ C-6¥E-1OX ™M

paulesb-auly 66°.8 8C’¢ 620 290 819 G8'8Y 8v'lc 6¢'. L-6¥E-70X M
06°€6 86°¢ ‘pu 090 YA S6'vS 8€'¢e sy Y-22e-v0X ™

06°56 96°C ‘pu 92°0 va'L 6G°99 ov'ee S9'v €-¢CE-vOXM

¢S'€6 8G'Y ‘pu 8G°0 10’8 L0'vS c8’le Sv'y C-CCevOX™

G/1'G6 L9V ‘pu G660 €0'8 0€°GS c9'ce 120 % }-22E-v0X ™M

sjuswiwio) lejol 024 OUN oed oM ‘ols fo’lv obw Il
G6°L6 8v'9l 9G°0 ‘pu €ecl 6€°0 6.6V 6’y 9/¢l ¢L0 Y-€€6-80X ™M
61°.6 L0°Gl Sv'0 ‘pu el ¢eco 9L'LG [4°R> LL€EL G0 €-€€6-80X™
ov'L6 08'Gl ¥S°0 (FA] Lech 8¢'0 S9'6V S9'v ceel 040 C-€€6-80X™
€6°96 09'GlL 0S°0 ‘pu vicl €0 G8'6v S9'v LLEL 690 L-€€6-80X™M
1916 86°L1 920 68°0 06'6 G0 ¢e09 10’8 99yl 80°} C-9/G-90X™
GG'86 siech 910 860 6’6 190 Yv'0S 808 €8yl 6¢’} 1-92G-90X ™M
lejol 024 OUN ‘olL 0oed o) ols fo’Ilv OB O°eN apuajquioH

113



zz 001 16) SZ0 ‘pu 86°GE 8062 95°0€ 8¢ Z-££6-80X M

€266 8¢e'L ‘pu ‘pu 05°9€ 0£'82 0v'0€ G9C L-£€6-80X ™

L7001 120 pu 850 18°1€ 0682 6£°0€ G6'L 2-9/9-80X M
85'0="04H'19'0=01S zz'20l S50 SZ0 ¥S°0 16'8€ GZ'62 91°0¢ 9¢e'L 1-929-80X M
L1'0=0Oun 1066 G9'L ‘pu ‘pu o' vE 9182 (x> s Z2-18€-90X M
9186 6.1 pu pu £v'ze 6182 gelLe vy 1-28€-90X ™

sjuswwon leyoL 034 €049 SO%A 2011 oeo 018 KoX\ spuey L
18°G6 L0°€ 96'92 05°€ veze Z-1.2€-90X M

0£'96 v9'e 9z'92 ov'Ey 00°€Z 1-12€-90X ™

paureib-auly €266 e 16'GZ z9°er 6222 €-22€-70X M

2866 ST'S 6792 €0er 5012 2228 70X M

1£°96 G50 8192 LSSV 81'GZ 1-22E-7OX T

69'96 98y ¥9'92 €Ly S¥'1T €-2-22/-€0XTH

G6'96 v1'Z 1012 9L b 86°€Z 2-2-22/-€0X

€1°G6 €€ 9€'9Z sz 8e'gl 1-2-222-€0X M

09'96 () 8192 GEvY 91T Z-1-22/-€0XTH

L¥'G6 9l 8192 8z 098l L-1-222-€0X M

sjuswwo) lejoL 0394 oeo 018 0%V spuyaid

9%'0=:0!L 0£'26 2.0 6e'e ¥S 0L 00'v¥ 99'1¢ A €0 L-78€-90X M
asejoolbeld u L1°96 ov'0 8ee zT L 199y 19 ve'L 9€0 1-2-222-€0X M
sjuswwo) [ejoL oeg 024 oM :01S <0V OB 0:EN ajA0oSN

114



eq ‘00 ‘ode dg

de m ‘zb

zb ‘00 ‘Ad

Ad ‘da ‘|yo ‘00 ‘zb

Ad npe ‘|yo-b\ ald (way) ‘spy ‘da ‘|yo ‘00 ‘zb
zb ‘eb ‘eq ‘Ad ‘00 20
zb ‘ojw ‘Ad

zb ‘Ad

3]

5]

)

S)

zb ‘eq ‘Ad ‘00

20 ‘zb

ey ‘-nDH ‘way ‘eq ‘Ad ‘yey ‘00

1109 ‘(Jyo-94) ‘way ‘Ad ‘00 ‘Jey

1,00/6—¥0°0.6
68°.68—9.°/68
9e'crl—Ecev.
€G'€EL6V'EEL
96'¢c¢l—clccL
G9'299—€€°299
1€°/29-9¢° /29
€€16G—€EL6S
96'065—6.'06S
0€C¢/G—0L'¢LS
04'G€G—8G'GES
GC'€eG—0L'cES
G1'/LSv—09'LSY
8G°9LY—9V 9LV
1£°99¢-2¢999¢
G1'961—G6'G61

€0XI™

¥ uonessuan ¢ uoljeausn Z uonjelausn | uoneIdUBD

(w) ajdweg

"9JISB[OB)BO = BJBD PUR IUOJAW = [AJA "9)BII[IS YOLI-() POYIIUSPIUN UR O]
Spuels  [I1S-,, ‘A[0A1}0adSalI ‘STeIduI YoL-qN pPue -UZ poyynuopIun I0j Spuels . -qN,, pue .-uz,, ‘(aruergjom A[qeqoid) [eiour yoL-A\ poynuoprun ue 10y
SpUBIS . -A\,, "9 PUB US ‘IN ‘UZ SJUSWI[S Y} JO 2IOW IO AUO JO JUNOWE JUBDIUSIS B YIIM AJUOWWIOD ‘N)) UL YOLI [RISUIW POJIIUSPIUN UR IOJ SPUB)S . -N)),,

‘u0olz = 11z ‘zedoy = z) ‘9Jue)} = 313 ‘QYAJAS = [AS ‘Qudeyds = yds
‘QreuoqIed-gay = OHAY ‘zienb = zb ‘guikd = Ad ‘anfjjodund = dwnd ‘yruyaid = a1d ‘931zeUOW = ZW ‘9JIA0ISNW = SNW ‘9IAUTBUW = JW ‘KB JoAE[
POXIIAl = O[W ‘Qiuowine] = ne| Tedspray-3] = SP[ “ON[[I = [[1 ‘AW = WY “IPUI[qUIOY = [qY ‘OwojowIey = Jey ‘dey = ey ‘wnsdA3 = A3 ‘euores = ©3

3

ojuonyy = [J ‘“doprdo = do ‘9urAdooeyo = Add 931SUII0 = 1109 ‘Terdurn Ao = ur Ae[o ‘(YOL-SN-94 10 -SIA -9,) 9ILIOYD = [YO “DII0[eD = I AI0Iq = 1q

‘9)uIBq = BQq ‘p[03 2A1IRU = NV ‘9Inuddie = S1e ‘yjAydode = ode ‘aiede = ede ‘ooqryduwre = dwe ‘(redsp[oj-3[) vLIR[NPE = NPE ‘AIq[E = QB :SUONBIAIIQE
[RIQUIJA “S)UNOWIE [[BWIS Ul PUNOJ dJE S}A)ORIq UI S[RIdUIA “d[duwes [oed Ul S[eIouIl 91njdelj AY) JO JOPIO [BIISO[OUOIYD JAIR[AI AY) SMOYS J[qe], oY,

s|eJaulw ainjoe.i4

8 Xipuaddy

115



npe ‘way ‘yo-bN-o4 ‘zb

m ‘zb ‘way ‘da ‘|yo-bN-24
‘It ‘4109 ‘way (way ‘|yo-b\ ‘npe) ‘ne|
way ‘Yo ‘npe:ejed

Ad npe ‘|yo-b\
20 nej
way ‘09

-nD ‘|yo-a4 ‘| ‘way ‘Ado ‘eq ‘Ad ‘00
Ad ‘way ‘00

zb ‘eq ‘Ad ‘00

1yo-BN ‘ge ‘1109

‘Il ‘npe ‘way ‘yo-a4 ‘|is-n ‘Ad 00

14 ‘zb ‘snw

I} ‘snwi

I} ‘Ad ‘zb ‘snwi

29 ‘zb ‘Ad ‘snw

zb ‘m

14 Zb ‘snw

shw ‘zb

ne| ‘00

ne| ‘00

SP ‘w ‘de

way ‘osnw ‘da ‘|yo-b\-24:e180
AN

|4 ‘ead

way ‘de-upy ‘)4 ‘ead

way ‘Yo ‘spy:ejed

zb ‘(way ‘npe) ‘-n9 ‘eq ‘Ad ‘00 ‘)
ald

20

20

20

[uo ‘way ‘M ‘spy ‘zb

8€'G9G—C¢C'G9S
16'2GG—18°LGG
0G'GeS—01'GES
9¢'GEG—01'GES
€1'66v—€0°66V
¢6'CLy—v8CLy
08°9vv—L9°9vv
96'V6€—€8'V6€E
1G'C6E—€CC6E
1/0'88€—G6°/8¢€
8C'¥8E—EC¥8E
8G'18€—CV’'L8E
19°€CE—EGEEE
9l'lce—-10'Lee

90X

¢5'0/6—81°0.6
89'G¢6—09'G¢C6
¥2'8/8—81'8/8
04°219-6€°L19
S0'v.9-8L'€L9
GG'699-1€'699

6.'6¥€—-99'6V¢

20 nej aid way ‘Yo ‘spj:ejed 8G'9YE—91'91€

way ‘eq ‘00 ne| ‘00 ‘way ‘npe ‘I 8ld Gcg'cee—v0¢ce

zb way ‘|yo ‘npe ‘aud 26'v.2-S9'v.¢C

I} ‘do 6£'881—61'881

Yo ‘npe ‘00 ald eEvLL—ClvLL

Y0X M

P uoneiauan € uoljelauan Z uoneiauan | uonelauan (w) ajdweg

116



(I1Is-n ‘way ‘eq ‘Ad) 00 ‘||t ‘|yo-04

ne| ‘00

sp Yo ‘de

1Yo ‘Ad ‘00

-nD-IN ‘eq ‘Ad ‘00

-no ‘09

1Yo ‘Ad ‘00 ‘zb

-M ‘Ado ‘eb ‘eq ‘Ad ‘00

eb ‘Ad ‘) ‘00

233y ‘) ‘eq ‘Ad ‘02

yo-a4 ‘eq ‘Ad ‘00

ode ‘way ‘zb ‘(1oo)uiw Aepd ‘Jey ‘|As ‘Bie ‘-pp ‘eq ‘Ad ‘00
-M ‘zb ‘Jyo-a4 ‘0g3y ‘eb ‘eq ‘Ad ‘00

(15) ‘1yo ‘00 ‘aud

033y ‘eq ‘Ad “uey ‘00

-uz ‘-no ‘way ‘ode ‘i) ‘o33Y ‘eq ‘Ad ‘00
Z0

zb ‘-n9 ‘yds ‘eq ‘00 ‘way ‘4100 ‘|

zb ‘way ‘ode ‘eb ‘eq ‘) ‘09

-nD ‘way ‘|yo-a4 ‘Ab ‘eb ‘eq ‘00

(de) ‘zw ‘-qN ‘eq ‘way ‘Ad ‘snw ‘| ‘zb
snw ‘zb

(¢)epiydins-94/aS/US/SY/ND Iz *XO-84/UNE ‘X0-84 ‘ge
‘|1As ‘yds ‘z3 ‘|yo-bN-24 ‘eq ‘ny ‘ey ‘Ado ‘xo-1] ‘| ‘snw ‘zb

S ‘00 ‘| ‘snwi ‘zb
Ad ‘zb ‘snw

1ay ‘m

14 ‘snw ‘zb

Ad ‘zb ‘snw

€8'969—89'969
22'699—86'899
¥6°LGG—€8° LGS
6e'eey—leeey
16'€/€—0L°€LE
L y9E—L1 ¥9€
96'9G€—€6'95¢
28'9ve—€L'9ve
8G'Lce-LyIcE
61'0¢€—C€0Ce
8€'L¢c—ve LeC
1/8°€61—€9°E61
c6'v81—€8'181
L¥'901-G2°901

V.L0XH

8€'1€8—ELE8
G6'¥18-98'V18
81'68.-11'68.
€1°2¢9-15'229
¥1°209—90°209

81°G6G—80°G6S
GG'€65-01'€6G
¢/.'065—99'06S
12'9/6-609.S
'CcLG—0V'CLS
G€'99G6-G2C 996G

¥ uonelauan

¢ uopelauan

Z uoneiaduan

| uonelauan

(w) ajdweg

117



(Ado) ‘Ad ‘npe ‘00

(ks) ‘4B

(1) *Ad ‘eq
00 ‘zb ‘(u102) ‘|yo ‘do ‘ge ‘spy:e1eo

(-M\ ‘ge ‘ede ‘eb) ‘Ad
‘I3 ‘npe ‘zb ‘da ‘|yo-B\ ‘way ‘spy ‘00

way ‘-n) ‘Ad ‘yds ‘4100 ‘ode ‘A
(zb) ‘way ‘1109 ‘eq ‘eb ‘Ab
lyo-24 ‘way ‘ode ‘A6

zb ‘lyo ‘aud ‘00

(¢snw ‘¢ AB) ‘spy ‘zb ‘00 “q

zb ‘00

Ad ‘)4 ‘zb ‘way ‘-uz ‘eq ‘00

zb ‘eq ‘Ad ‘ode ‘1100

ds ‘zb ‘00

(11) ‘3w “do ‘W ‘zb 3q ‘00

eb ‘yds ‘-p ‘(o1w)yo ‘eq ‘way ‘Ad ‘Ado ‘-uz ‘zb ‘00
|yo-a4 ‘Ado “‘Ad ‘zb ‘way ‘00

|yo ‘zb ‘) 00 ‘do

way ‘09

(de ‘qe ‘Ad ‘yw) ‘(BN-24)1uo ‘s ‘M ‘90 ‘|ay
5]

290 ‘Ado ‘yds ‘1109 ‘|yo-Bi\ ‘|1 ‘wey ‘eq ‘AB
ge ‘ede ‘aid ‘1109 ‘|yo ‘00 ‘npe

lyo-BN ‘way ‘A6

)

ede ‘way ‘1109 ‘ode ‘A6

It ‘1100 ‘way ‘yds ‘Ad ‘ode |} ‘AB

(1) ‘(00)1yo ‘do ‘qe ‘spy

‘M ‘yds -By ‘|yo-a4 ‘zb ‘o33Yy ‘Ad ‘-uz/nD ‘eq ‘way ‘0o

way ‘1409 ‘Yo ‘Ad ‘-pp “(ug)-n9 “-By ‘00
¢dwnd ‘(ge) ‘yds ‘qw “yo ‘y3 ‘00 ‘zb ‘de ‘Ado ‘Ad

zb ‘da ‘|yo-b\ ‘way ‘spj:ejes

00C2.6—0L'L 16
G9'0/6—05°0.6
82'696—€1'696
c9'6l6—vv¥'6l6
02'G68—00'568
€9'06/—0G°062
01°06/.—08'68.
61°119-G8°019
¢9'61G-0v'61G
67°'90v—62°90v
08'8¢c—v1'8¢c
¢0'10¢—¢.'00¢C
cLehi—e97¢li
8€'801—L¢'801

0LX™™

0€'€€6—GL'€E6
06'616-G.'616
9€'916—91'916
€8'898—G9'898
19°¢C8—L¥'¢cc8
¢6'12¢8—0.'1¢8
91°12¢8-€6'0¢8
9€'G6/-Gl'G6.

69'CcLl—6V'CLL
10°089-€8'6.9
€1°2/9-¢6'9.9

€L°6.v—/8'8LY

90 ‘aud 8G'99¢—€1'99¢€

npe 033y 00 6€8l¢—6C'8LC

Ado ‘way ‘Ad ‘(ow)iyo ‘00 €€'80L-¥2'801

80X

{ uoneiauan € uolnjelauan Z uonelauan | uonelduan (w) ajdweg

118



€/l 691 €20000°0 1€2S12°0 604°9— €€CCo- VGG'699-1€'699

LzeL— LeL'G— 8G°9VE—9Y 9¥E

G766~ 8.€'8— Gz'zee-v0'eze

1100000 1962020 6£'881-61'881

9ze'8— 8L1°G— eerLL—CLyLL

0OXIM

10 ¥20000°0 926.0.°0 ¥98°02— 18G9~ 9e°CY.-€2 2L

G0 9100000 €G0.0.°0 GOE'6l— 7G8'— €G°€eL-6Y'€EL

€11°02- 180°G— 96'22.-2.'22.

68¢° L~ 6EY'GG— 459'299-€€°299

8¢l 98l ¥20000°0 1965120 8529~ 19°/G6—  VS9'299-€£'299
L0~ L€' 229-92° /29

6'C- €€°165€C 16S

89 8100000 GZvyLL 0 96°'065—6.'06S

99 0£'225-01'2.S

66 0/'G£6-8G°'S€S

€9 1100000 90L€LL0 GZ'€e5-01'€€S

660°G— 80£°89— 4G/’ /G7—09' LGV

802 L'G 268'7— vLL99- VG IGP—09'LSY
19°6L— 190~ 85 9Lv-9¥ 9Ly

G¥8'8— 8G1'6— G1'961-G6'G6)

€0X M

"G, “°GcQ ) ¥ 1845/1S 1 ¥ Y1Ss/1S 16 ¥ 1S 0e/ 1S 8 *0aQ *20aQ ajdweg

‘sordwres (eq) oyureq pue (Ad) o3u1kd “(A3) winsd4A3 “([3) 3on(F ‘(99) 9310[B WOIJ SINSAY

1Se5/1S 5 PUR Sadojos] ajqe)s

6 Xipuaddy

119



0100000 9291270 9ze L- GGOvL— £8'969-89'969

2100000 99€91/°0 265 /- 9¢l- 22'699-86'899

L= 62.°02— 852 6e'eer—LTeTY
8Ll 950'8- €YSGL— 16'€L6-0L°€LE
6'Gl 98/'LL— 621°0L— L ¥9e—11 ¥9€
8'¥G/YS £10000°0 00€9L2°0 £90'6- V2L '02— 96°95€—£6'95¢
zey L- eu 78'9vE—€L'9%¢

Yog L1~ z18 v 8¢°/22-v2 122

1z 18°€61—€9'€6l
€e5'€T— 8162 L#'90L-G2'901

VL0XIM

2100000 Ze9LLL0 G10000°0 1v2ELL0 GY'GlL— 8Zy LI 6671898718

£10000°0 0£650.°0 81°G65—80°565

9100000 0929020 €10000°0 £8560.°0 G08'6L— 62 GG'€65—07' €65

6l 2.°065-99°065

9¢ GE'995-G2 995
#10000°0 6089%.°0 8£°G95—22 595

8¢ 92'GE6—01'GES
£10000°0 8EYYLL0 20.°6- 111°6- 96'v6£—£8 16¢

128 L~ 6811 15'76£-€2'26¢

966'L1— £ov'e- 9L'Lze-L0'LZe

90X

zeL6- 650°0L— 25°0.6-8%°0.6

#10000°0 Y1020 2100000 L¥09L2°0 ££8'8- 1628 89'G26—09'G26

AT gzTe- ¥2'8/8-81'8/8

8'G 1200000 6Y¥YLL0 ¥~ 25v6L— 0L°2,9-6€ 119
118vL— GG6'€l—  950'1/9-82°€.9

69 G50000°0 08251270 806°0L— GL9Gl—  VS0'¥/9-81'€/9
vl z/9€l—  955'699-1£'699

*18:Q  °Sy:Q “8y:Q 2 "P1840/1S 6 £ Y1Gge/1S 0 £ *1S0sl1S e *00,Q *0:,Q ajdweg




€200000  0Z8€LL0 §9'0,6-05'026

§L00000  O¥ZYLLO 82'696—€1 696

100000 Zv0.0L°0 Li€€T- elee- 29'616-17'616

€8l Lz 96T 02'$68-00'G68

VL6 L 86T 01°06.-08'68.

ze0'e- S6Y'G— 690762 90

9100000 S/¥9LL°0 z6y L1 v68'/—  ©08'82Z—¥L'8Z2

911°8- 6€9'8-  €08'82Z-¥18ZC

100000 6965120 1€G8— €6€€~  V08'82C—¥1'82C

ge'L- €zL9- 20'102-2L'002

1€9°8L— 96Y v ZLTLL—99TLL

ovLL- 2250 8€'801—/2'804

VOLXTH

¥4 GL00000 26210 06'616-5.'616
L€ €100000  S¥EZLLO £€8'898-59'898
8  SThler 19'CZ8-11'2e8
V. 91'128-€6'028
7’6 9100000  208YLL0 9€'66.-51'G6.
£10000°0 €51912°0 269'8- 6118 69CLL6YTLL

66202~ 2€6'2- €L'6LY—L8'8LY

100000 1692020 12802~ zsTe- 85°996—€1'99¢€

602°8— 8Y9'6— 6£'812-62'812

€10000°0 2095120 9L¥'9- €6'8- €€'801 42’804

80X M

“Sk@  "°SysQ "8ysQ F IS0l F 41S55/1S 15 F 2180318 00,2 2009 sjdwesg

121



Appendix 10

ICP-MS analyses — calcite

“B” = Re-analysed sample.

Borehole KLX03 KLX03 KLX03 KLX03 KLX03
Sample 662.33-662.65 722.72-722.96 722.72-722.96B 733.49-733.53 733.49-733.53B

(ppm)

Na 47.63 112.40 106.70 119.30 139.80
Mg 122.30 339.40 331.50 491.90 501.90
Al 14.69 78.84 78.52 18.52 18.32
K 74.98 79.48 74.42 82.09 85.33
Sc 0.67 4.65 5.07 8.05 9.01
Ca 341,400 357,100 357,300 382,700 381,000
Mn 3,899 2,930 3,000 3,598 3,618
Fe 1,165 2,508 2,586 3,296 3,384
Rb 0.27 0.23 0.17 0.12 0.20
Sr 64.78 261.40 263.10 447.60 452.10
Y 8.86 9.44 9.87 7.19 7.41
Ba 734.40 1.63 -0.22 3.47 4.00
La 173.10 0.47 0.53 1.02 1.36
Ce 171.90 0.77 0.85 1.69 2.08
Pr 11.89 0.17 0.11 0.23 0.24
Nd 42.80 0.48 0.46 1.01 1.17
Sm 2.94 0.13 0.14 0.28 0.33
Eu 0.54 0.04 0.05 0.15 0.15
Gd 3.16 0.25 0.21 0.51 0.49
Tb 0.25 0.08 0.07 0.11 0.11
Dy 1.14 0.81 0.81 0.69 0.78
Ho 0.20 0.33 0.32 0.21 0.23
Er 0.55 2.15 2.24 1.15 1.26
Tm 0.07 0.50 0.51 0.24 0.25
Yb 0.45 5.99 6.25 2.74 2.87
Lu 0.08 1.74 1.79 0.80 0.90
Th 0.07 0.06 0.08 0.03 0.02
u 0.11 0.07 0.05 0.51 0.53
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Borehole KLX04 KLX04 KLX04 KLX06

Sample 669.31-669.55 677.39-677.70 925.60-925.68 814.86-814.95
(ppm)

Na 26.41 21.83 22.16 25.00
Mg 98.90 48.45 22.22 64.72
Al 9.62 74.14 0.99 5.22
K 53.05 46.61 41.65 67.52
Sc 1.67 0.37 0.09 0.14
Ca 357,400 370,600 381,000 240,600
Mn 2,901 616 1,784 467
Fe 1,182 1,192 1,154 767
Rb 0.04 0.03 0.02 0.35
Sr 77.32 44.80 49.66 28.60
Y 24.14 4.66 0.60 8.82
Ba 554.60 635.70 -1.93 6.94
La 205.60 44.92 0.44 4575
Ce 190.80 38.23 0.22 47.22
Pr 13.93 3.17 0.03 4.19
Nd 56.86 12.07 0.09 16.62
Sm 6.25 1.35 0.02 2.10
Eu 1.30 0.34 0.02 0.35
Gd 7.19 1.43 0.05 2.14
Tb 0.68 0.13 0.02 0.21
Dy 3.00 0.42 0.04 0.95
Ho 0.53 0.11 0.02 0.17
Er 1.42 0.24 0.04 0.49
Tm 0.17 0.03 0.01 0.06
Yb 0.94 0.12 0.03 0.35
Lu 0.17 0.03 0.01 0.06
Th 0.01 0.01 0.01 0.01
U 0.04 0.02 0.04 0.10
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Borehole KLXO07A KLXO07A KLX08 KLX08 KLX08

Sample 106.25-106.41 364.17-364.41 108.24-108.33 218.29-218.39 478.87-479.13
(ppm)

Na 45.23 35.34 22.12 20.20 22.56
Mg 26.10 88.38 663.80 419.90 43.49
Al 253.10 21.30 20.75 28.92 23.89
K 70.86 52.76 54.37 64.49 52.92
Sc 0.16 4.85 0.34 0.26 0.13
Ca 387,000 383,800 380,700 383,700 391,400
Mn 145 6,745 11,460 8,165 23
Fe 1,208 1,394 3,604 2,976 1,236
Rb 0.20 0.06 0.03 0.09 0.04
Sr 274.10 57.43 82.36 102.70 282.10
Y 0.36 197.90 9.43 3.91 0.02
Ba 23.99 2.33 6.42 8.45 0.74
La 1.01 57.32 109.60 148.60 3.02
Ce 1.00 140.60 105.00 215.90 0.83
Pr 0.08 18.67 9.63 16.92 0.13
Nd 0.26 81.84 41.12 57.64 0.37
Sm 0.03 22.93 4.10 4.65 0.01
Eu 0.02 5.57 0.94 0.73 0.00
Gd 0.07 26.86 3.77 3.24 0.02
Tb 0.01 5.15 0.28 0.18 0.00
Dy -0.14 35.24 1.06 0.39 -0.18
Ho 0.02 7.80 0.23 0.11 0.00
Er 0.02 26.28 0.56 0.29 0.01
Tm 0.01 4.16 0.06 0.02 0.00
Yb 0.03 32.39 0.33 0.15 0.00
Lu 0.01 5.11 0.06 0.02 0.00
Th 0.02 0.09 0.08 0.97 0.01
U 0.02 0.02 0.39 0.32 0.02
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Borehole KLX10A KLX10A KLX10A

Sample 228.14-228.80 228.14-228.80B  919.44-919.62
(ppm)

Na 4.97 7.32 17.15
Mg 427.10 364.50 9.68
Al 5.08 20.07 23.00
K 56.64 67.35 55.19
Sc 1.17 1.04 0.07
Ca 376,600 397,800 131,000
Mn 6,666 6,272 76.74
Fe 2,825 2,546 457
Rb 0.04 0.21 0.02
Sr 114.40 109.30 215.10
Y 63.79 58.56 0.17
Ba 7.77 8.39 0.25
La 26.17 28.38 0.48
Ce 61.79 65.44 0.47
Pr 8.87 9.13 0.06
Nd 41.33 41.41 0.21
Sm 11.03 10.59 0.03
Eu 2.29 2.21 0.01
Gd 13.13 12.24 0.05
Tb 1.73 1.69 0.01
Dy 9.97 9.17 -0.16
Ho 2.00 1.85 0.01
Er 5.51 5.07 0.02
Tm 0.64 0.59 0.00
Yb 3.95 3.50 0.01
Lu 0.64 0.55 0.00
Th 0.14 0.20 0.00
u 0.06 0.05 0.01
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Appendix 11

ICP-MS analyses — gypsum

Values in red are very much higher than the highest standard measurement.

Borehole KLX08 KLX08 KLX08
Sample 795.15-795.36 868.65-868.83 919.75-919.90
ppm

Na 34.80 12.14 27.17
Mg 261.50 33.56 157.10
Al 252.80 34.26 132.00
K 16.99 14.12 24.46
Ca 231,900 236,100 235,400
Sc 0.09 0.04 0.08
Mn 14.79 1.62 8.82
Fe 1,741 886 1,335
Rb 0.09 0.04 0.12
Sr 131.90 155.00 221.60
Y 0.04 0.01 0.02
Ba 3.86 6.22 16.09
La 0.24 0.08 0.46
Ce 0.18 0.08 0.58
Pr 0.02 0.01 0.05
Nd 0.04 0.03 0.14
Sm 0.01 0.01 0.02
Eu 0.01 0.00 0.01
Gd 0.01 0.01 0.01
Tb 0.00 0.01 0.00
Dy 0.01 0.00 0.01
Ho 0.00 0.00 0.00
Er 0.00 0.00 0.00
Tm 0.00 0.00 0.00
Yb 0.00 0.01 0.01
Lu 0.00 0.00 0.01
Th 0.01 0.01 0.02
U 0.02 0.00 0.02
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Borehole KLX10A KLX10A KLX10A

Sample 969.13-969.28  970.50-970.65 970.50-970.65B
ppm

Na 144.30 12.24 24.34
Mg 966.70 91.36 129.60
Al 687.40 71.02 94.96
K 6,272 4.27 16.80
Ca 222,800 227,300 238,100
Sc 0.41 0.04 0.06
Mn 24.36 2.33 3.43
Fe 2,225 1,008 1,165
Rb 47.45 0.01 0.02
Sr 161.50 183.50 184.60
Y 0.12 0.01 0.04
Ba 6.28 4.69 10.87
La 11.85 0.03 0.06
Ce 8.27 0.04 0.08
Pr 0.58 0.01 0.02
Nd 1.79 0.02 0.05
Sm 0.11 0.00 0.01
Eu 0.03 0.01 0.01
Gd 0.10 0.00 0.02
Tb 0.01 0.01 0.01
Dy 0.02 0.01 0.02
Ho 0.01 0.01 0.01
Er 0.01 0.00 0.01
m 0.00 0.00 0.01
Yb 0.02 0.00 0.02
Lu 0.00 0.01 0.01
Th 0.05 0.01 0.01

u 0.02 0.00 0.01




Appendix 12

87Sr/®Sr for rock types in the area

Sample Area Rock type 87Sr/86Sr *

KKRO03: 643.82-643.90 Gotemar Gotemar granite 0.976111 0.000173
KKRO03: 643.82-643.90B Gotemar Gotemar granite 0.978129 0.000045
KSH01:536-2G Simpevarp Fine-grained dioritoid 0.715110 0.000019
KLX04:108G Laxemar Avrd granite 0.716009 0.000037
PSM004484A Laxemar Quartz monzodiorite 0.713540 0.000023

B = ion-exchanged twice.
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Appendix 13

Additional data from other fracture mineralogy studies

Some samples from earlier reports e.g. /Drake and Tullborg, 2004, 2005, 2006ab/ have been
analysed with different methods (*’St/**Sr, 6"3C, '*0 and ICP-MS analyses of calcite and
0*S analyses of pyrite and gypsum) after the reports were published. The results from these
analyses are presented here. 6"°C, 8'*0 and ¥’Sr/*¢Sr results for a calcite filled fracture related
to a sandstone filled fracture in a road cutting close to Oskarshamn Nuclear Power Plant (O3)
is also published here, as well as 6'*C, §'%0 and ¥’Sr/*Sr for calcite from a laumontite-rich
deformation zone in borehole KAS17, Aspd. All of the analyses are executed using the same
method description as the analyses in the present study.

Calcite (6"C, &'®0, ®’Sr/®Sr)

KSHO1A (m) o"C &8'®0 87Sr/Sr Sample description

239 -10.817 —6.469 Scalenohedral with barite and pyrite (open fracture)
376.44-376.56 -2.055 -16.163 See /Drake and Tullborg 2004/
925 —6.858 -11.377 Scalenohedral

KLX02 (m)

218.40-219.10 -3.139 -14.641 See /Drake and Tullborg 2005/
260.08-260.25 —6.424 -9.318 See /Drake and Tullborg 2005/
525.06-525.66 -6.679 -10.533 See /Drake and Tullborg 2005/
KA1755A (m)

200.84-200.99 -5.75 -22.37 See /Drake and Tullborg 2005/
204.90-205.10 -3.749 -23.326 See /Drake and Tullborg 2005/
211.70-211.75 —4.285 -14.174 See /Drake and Tullborg 2005/
KAS17 (m)

155 -2.339 -15.803 In laumonote-rich zone

156 -20.417 -11.372 0.716633 In laumonote-rich zone

Road cutting (03)
03 -9.865 -8.276 0.710814 Sealed fracture next to sandstone

Pyrite (5%S)

KSHO1A (m) 5%8 Sample description

24.00-24.10 -1 See /Drake and Tullborg 2004/

239 32.2 and 26.7 Cubic crystals with barite and calcite (open fracture), re-analysed
873.55-873.60 —6.858 See /Drake and Tullborg 2004/

KSHO3A (m)

863.66-863.84 8.8 See /Drake and Tullborg 2006a/

Gypsum (5*S)

KSHO3A (m) 58 Sample description
49542 15.5 See /Drake and Tullborg 2006a/
684.46 15.1 See /Drake and Tullborg 2006a/
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ICP-MS analyses of calcite

See /Drake and Tullborg 2006ab/ for sample descriptions. “B” = Re-analysed sample.

Borehole KSHO3A KSHO3A KSHO3A KSHO3A KKR02 KKR03 KKR03
Sample (m) 177.74-177.81 177.74-177.81B 186.52-186.62 220.15-220.31 48.95-49.00 52.25-52.37 54.83-54.86

(ppm)

Na 65.83 53.39 41.32 68.65 40.26 29.60 31.14
Mg 108.90 110.90 49.84 145.70 33.85 54.08 48.55
Al 58.63 59.39 6.77 141.00 49.20 16.07 10.55
K 193.90 146.80 63.69 660.20 61.89 51.83 60.33
Sc 0.20 0.18 1.57 0.77 0.30 1.59 3.12
Ca 384,600 369,500 390,900 359,200 386,200 379,900 380,000
Mn 655 634 8,155 4,181 2,727 3,963 6,055
Fe 1,166 1,206 1,244 2,037 2,597 2,157 1,896
Rb 0.49 0.51 0.23 5.33 0.32 0.07 0.07
Sr 358.20 358.80 54.62 49.68 65.97 59.93 51.23
Y 1.00 1.00 73.40 24.49 17.33 32.99 20.27
Ba 2.96 3.12 -0.17 19.74 422.60 9.69 4.32
La 2.93 2.78 33.98 33.06 18.31 36.03 31.08
Ce 3.15 3.06 88.71 51.09 2414 70.81 61.22
Pr 0.29 0.29 11.57 6.32 2.15 7.03 6.16
Nd 1.28 117 57.26 26.78 8.16 25.71 22.48
Sm 0.12 0.14 13.13 4.34 1.32 4.47 3.82
Eu 0.04 0.02 2.49 0.81 0.34 0.99 0.77
Gd 0.15 0.14 12.43 4.36 1.53 4.61 3.46
Tb 0.02 0.02 1.82 0.60 0.22 0.64 0.44
Dy 0.09 0.09 10.46 3.17 1.33 3.53 2.30
Ho 0.03 0.02 2.00 0.61 0.29 0.67 0.43
Er 0.06 0.06 6.55 1.93 0.92 2.09 1.39
Tm 0.01 0.01 0.93 0.26 0.15 0.32 0.22
Yb 0.06 0.05 7.27 2.01 1.01 2.54 1.90
Lu 0.02 0.02 1.24 0.32 0.20 0.50 0.37
Th 0.02 0.01 0.01 0.06 0.49 0.04 0.18
u 0.97 1.16 0.02 0.31 1.46 3.79 1.97
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